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ABSTRACT
Hurricanes and tropical storms continue to damage the United States coastline where
population migration increases and tourism thrives. Extended dry spells, high winds, and
hot summers in the Mountain and Pacific West regions promote ideal conditions for
seemingly uncontrollable wildfires. Additionally, the increased frequency of unstable
climate conditions foretells signs of Mother Nature not letting up. With recent events
such as Superstorm Sandy and the Waldo Canyon wildfires in mind, there is a strong
need to improve hazard mitigation techniques in residential homes and encourage
resilient building methods. Research within this field is challenging due to the lack of
descriptive historical data, difficulty of performing experimental studies, and
unpredictable nature of natural hazards. However, the potential benefits have a strong
impact on the safety and security of human lives.
Resilient building efforts generally seek to be more resistant to natural hazards; still,
there is a need to prioritize resilient efforts and focus on the elements most vulnerable to
damage. To fulfill this need, this research uses the Delphi method to identify the most
vulnerable house elements and site conditions by obtaining weightings from three
surveys rounds with eighteen wildfire and eleven flood expert participants. These
weightings are a critical component of the Resilient Scoring Utility (ReScU), a
performance-based resilient rating system for residential homes currently being
developed.
The expert weightings were interpreted to provide a better understanding of how
wildfire and flood perils influence the vulnerability of residential homes. For wildfire,
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the results indicate that the most vulnerable areas can be easily protected with proper
planning and maintenance. Therefore, wildfire mitigation efforts are effective during
pre- and post-construction phases. In contrast, flood perils are effectively mitigated with
resilient building techniques incorporated within the design phase such as building
elevation and foundation design. These results are limited to the opinions of the experts
who participated in the Delphi surveys. Thus, alternative research methods collected
secondary data to measure the validity and reliability of the Delphi results using the
Spearman Rho rank coefficient and Mann-Whitney U test.
While this research advances the understanding of how residential homes are
vulnerable to natural hazards, future areas of research have also been identified. These
topics include concepts that support the development of a historical damage database,
collection of additional data from full-scale controlled experiments, testing ReScU on
residential buildings, and expanding it to other natural hazards.
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1. CHAPTER ONE: INTRODUCTION
Considering the impact of recent natural hazards on the residential building stock,
there is an urgency to improve hazard mitigation techniques in residential homes by
encouraging resilient building methods. To address this need, this research uses expert
knowledge to identify the most vulnerable house elements and site conditions to natural
hazards. The purpose of this chapter is to: (1) introduce the context of the research
problem; (2) provide background information on overarching research efforts; and (3)
identify the broader impacts of this study.
1.1. Recent natural hazards increase the need for resilient building
Although new technologies, building materials, residential building code
requirements, and construction methods are continuously introduced to the housing
market, the fiscal and structural damage caused by natural hazards is still a serious
concern. For example, the June 2012 Waldo Canyon wildfire in Colorado Springs broke
the record for most expensive wildfire in Colorado state history with an estimated insured
loss of more than $352.6 million and 346 destroyed homes. Within the same month, the
High Park Fire near Fort Collins, Colorado burned 259 residential homes causing insured
losses estimated at $97.1 million (Catastrophe Facts & Statistics, 2012).
Hurricane Katrina, a distant yet devastating memory in U.S. history, completely
destroyed or made uninhabitable an estimated 300,000 homes and damaged
approximately 90 percent of the residential and commercial buildings in the BiloxiGulfport, Mississippi area. Total property damage from Hurricane Katrina is estimated at
$41.1 billion in insured losses across six states (Edwards & Iskowitz, 2010; Lessons
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Learned, 2006). In light of a more recent event, “Superstorm” Sandy wreaked havoc on
the eastern seaboard in October 2012 by causing coastal flooding, debris-flow damage,
and destructive winds that resulted in electricity outages for more homes and businesses
than any other storm in history (Craft, 2012). Sandy’s epic devastation is a testimony to
the lack of preparedness for residential homes, neighborhoods, and communities to resist
and recover from natural hazards. Forecasting computer models hinted two weeks in
advance that a historic storm could affect the eastern coast of the U.S. and yet many
communities failed to initiate early precautions (Dolce, 2012). According to the
catastrophe risk modeling firm EQECAT, Superstorm Sandy is estimated to have caused
between $30 billion and $50 billion in economic losses; which includes property damage,
lost business, and extra living expenses. Modeling firm HIS Global Insight estimates $20
billion in property damage alone. If the economic losses reach the high estimate of $50
billion, Superstorm Sandy would become the second-costliest storm in U.S. history,
yielding only to Hurricane Katrina (Craft, 2012). Figure 1.1 shows the before and after
effects of Superstorm Sandy to Ortley Beach, New Jersey while Figure 1.2 depicts
similar effects in Mantoloking, New Jersey.
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Figure 1.1 Before
re and after Superstorm Sandy - Ortley Beach, NJ (Butcher, 2012)

Figure 1.2 Before and after Superstorm Sandy - Mantoloking, NJ (Butcher, 2012)
Of note
ote are the few home
homes that survived the devastation, which raises the following
question: Why do these houses seem relatively unaffected while surrounding houses are
washed away?
The lessons learned in the catastrophic wake of these events can provide valuable
val
information towards avoiding property damage and deaths in future occurrences.
occurrences
Therefore, another important question is raised
raised: Why are natural hazardss so devastating
to the affected homes and communities when increasingly stringent building codes,
advanced weather forecast technologies
technologies, and improved communication channels are all
currently exercised? Two probable explanations are related to the topic of residential
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resiliency, or the ability for homes to resist natural hazards. A detailed definition of
resiliency and how it applies to this research is discussed within Section 2.3.
One potential explanation may be because a serious gap in education exists between
the homeowners and the resilient building resources available for residential homes.
Currently, homeowners lack the knowledge and experience to make cost effective
decisions about increasing the resiliency of their home. Bencze (2011) notes that few
existing building programs offer guidance to homeowners on how to protect and
reinforce their homes against natural hazards. This education gap may cause
homeowners to poorly allocate money and resources towards resilient upgrades, or even
worse, the homeowners may choose to do nothing.
A second potential explanation is that without incentive programs, builders, owners,
and communities have little reason to invest more in resilient homes. The programs must
reward stakeholders for practicing resilient methods and techniques during the design,
construction, maintenance, and renovation stages to improve the survivability of their
homes and communities during natural hazards. Possible incentives for homeowners
include tax breaks, low interest loans, insurance premium discounts, and lower insurance
rates (Bencze, 2011). To advance homeowner education and promote an incentivized
building program this research provides critical input towards a performance-based rating
system known as the Resilient Scoring Utility (ReScU) currently in development by the
Resilient Home Program (RHP).
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1.2. Rating systems define traits and characteristics in real world applications
The purpose of rating systems in the residential building sector is to provide
buildings, owners, designers, and communities with a metric for verifying a relative trait
or characteristic of a home or product using quantitative measures (Reeder, 2010).
Rating systems are important because they put definition into practice by quantitatively
measuring qualitative characteristics. Additionally, rating systems provide a third-party
certification that demonstrates to a large audience that a certain standard or criteria has
been achieved. Market penetration and brand recognition for rating systems can also
benefit various stakeholders including: owners, designers, builders, communities, and
buyers (Reeder, 2010). An assessment of existing building programs revealed that there
are few programs that focus on hazard resistance of residential homes and there is no
current rating or certification system for hazard resistant homes. A further review of
current rating systems and how they are applied to the residential building industry is
covered in Sections 2.5 and 2.6.
1.3. A gap analysis identifies the necessity for a residential resilient rating system
The Resilient Home Program (RHP) is a federally funded partnership between
government, academia, and non-profit organizations working to improve the lives of
homeowners following natural hazards. The RHP team consists of stakeholders from
Clemson University, Federal Alliance for Safe Homes – FLASH®, North Carolina State
University, and the US Army Corp of Engineers – Construction Engineering Research
Laboratory. The RHP research team evaluates sustainable and resilient mitigation
techniques for homes susceptible to natural hazards and investigates how these
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techniques are affected by continuously evolving building code criteria. These efforts are
focused towards developing a performance-based rating system for residential home
resiliency that accounts for the site (or surroundings) and location of the home. Referred
to as the ReScU, the system prescribes proven building techniques to homeowners for
hardening their homes against diverse natural hazards. Furthermore, the prescriptive
techniques are presented as cost effective recommendations for the owner to harden their
home.
The conceptual design of ReScU originated in response to a gap analysis performed
by the RHP team which included recommendations from a 25 member stakeholder panel
in 2009. The stakeholder panel included professionals from the insurance industry, state
and government agencies, non-governmental organizations, non-profit organizations,
home building associations, industry, and academia. Using a modified Delphi technique,
feedback in the form of recommendations was collected from the stakeholder panel
(Bencze, 2011). Table 1.1 summarizes the final recommendations from the stakeholder
panel.

6

Table 1.1 Stakeholder recommendations from modified Delphi study (Bencze, 2011)
No.
1
2
3
4
5
6
7
8

Stakeholder Recommendation
The emphasis in a resilient rating system should be on a mechanism that can be
easily linked to incentives (e.g., federal and state tax breaks, insurance
discounts, etc.)
The natural hazards included in the rating system should mirror those used by
the insurance industry
Use of a certification system should be avoided and instead, the focus should be
on ratings to avoid liability and competition issues
The rating system should be applicable to both existing and new construction
A single rating structure should be developed, applicable to all hazards, to keep
it simple and easily understandable
Design and construction should be performance-based rather than prescriptive to
encourage and reward innovation
Cost/benefit analyses with respect to the various reinforcement techniques
should be connected to the rating system
An optional mechanism should be incorporated into the rating system that can
be used to evaluate the effect of location on the resilience

After collecting feedback from the stakeholder group, the ReScU prototype
underwent a series of modifications which ultimately led to a performance-based
approach to score a home based on its ability to resist different types of perils from
natural hazards. Additionally, the ReScU rating system utilizes location and site
conditions to account for the home’s possible perils. For example, homes located in dry
Midwestern climates are more likely to experience a wildfire event whereas coastal
regions are more vulnerable to flood events. Continuing on the example of a Midwestern
home, ReScU evaluates how well the home and its surroundings are built to resist the
three perils associated with a wildfire: embers, radiant heat, and convective flames. With
knowledge about where the home is located and how well it can resist the various perils,
ReScU can recommend prescriptive reinforcement technologies and methods to harden
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the home against the applicable perils. To determine the location-based vulnerability of
homes to different natural hazards, ReScU uses existing information such as insurance
and weather models, FEMA floodplain maps, historical data, etc.
1.4. Rating the resistance of a home using scores and weights
ReScU is a performance-based rating system for residential home resiliency that
accounts for the site and location of the home. Essentially, ReScU requires the home to
meet certain functional performance requirements in order to effectively resist natural
hazards. The advantage of a performance-based system is that any new technology,
material, or method that meets the performance requirement specified by the system can
be included at any time in the future. The performance requirements apply to each of the
major systems in a house as well as the immediate area surrounding the house. If a house
fails to meet the performance requirements, ReScU recommends prescriptive techniques
that an owner can implement in order to achieve the specific performance requirements.
Prescriptive techniques are adapted from best practices, latest building code
requirements, and code-plus programs such as FLASH® Blueprint for Safety and
Fortified® Builder’s Guide.
The main objective of the ReScU rating system is to assign a score to a home based
on its ability to resist the natural hazard under scrutiny. Several of the benefits of having
a resilient home score, or ReScU score, are: (1) homeowners are further educated about
the prescriptive techniques and methods needed to improve the resistance of their home;
(2) a nationally recognized rating system may lead towards insurance and tax incentives
for homeowners; and (3) marketing advantages for real estate agents, residential
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contractors, and homeowners. However, to assign a single “resilient” score to a home,
the system must account for how the building is constructed (Building Score) and where
the building is located (Threshold Score).
ReScU awards Building Score points for resilient construction methods and
techniques implemented in the home and Threshold Score points to site surroundings and
locations that are more vulnerable to the relevant threat. Essentially, a higher Building
Score indicates a hardened home; opposingly, a higher Threshold Score indicates a
greater risk related to the location of the home. To obtain the total ReScU score for the
specific hazard, the Threshold Score is subtracted from the Building Score shown in
Equation 1.1 below:
  =

   − ℎℎ   (Equation 1.1)

The Building Score portion focuses on the performance criteria requirements for each
of the major elements of a house (e.g. foundation, wall system, roof system, openings,
and miscellaneous “others”) and assigns scores based on resistance toward the natural
hazard being analyzed by the system (see Table 1.2). The major elements of a house and
their vulnerability vary depending on the consideration of a specific natural hazard. For
example, in a typical wildfire event, the roof system and exterior wall system are the
most vulnerable whereas the foundation design is less important. In contrast, during a
flood event, the foundation design is the most important house element whereas the roof
system is insignificant. Depending on the natural hazard, ReScU must weigh the
vulnerability of each system accordingly.
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Table 1.2 Example Wildfire Building Score Module
Performance Criteria

The roof covering is fire
resistant

Prescriptive Technique

Score

Poor - The roof covering is wood shake

0

Satisfactory - The roof covering is organic
felt asphalt shingles, not fire rated

3

Good - The roof covering is organic felt
asphalt shingles, fire rated

9

Good - The roof covering is aluminum
shingle

9

Good - The roof covering is steel shingle
or standing seam panel

9

Excellent - The roof covering is clay or
cement tile

10

The purpose of the Threshold Score is to assess the threat level for a given home
based on its location and surroundings. Similar to the Building Score, the major site
conditions and their vulnerability vary depending on which natural hazard the system
considers. For example, proximity to large trees and other fuel types is important when
considering a wildfire threat, whereas proximity to a body of water is important when
considering a flood event. Additionally, ReScU recognizes that homes in diverse
geographical areas are subjected to different natural hazard threats. The Threshold Score
indirectly relates to the frequency and severity of occurrences for the natural hazards and
the associated risks for a specific location. Therefore, a home built in a hurricane prone
region will receive a Threshold Score indicating the home is susceptible to a flood event.
However, ReScU must develop a weighting factor to address the overall importance of
one system relative to another.
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1.5. Research questions related to the weighting portion
By using prescriptive techniques that improve the resilience of specific house
elements and site conditions, the scoring portion of ReScU can adapt to the continuously
evolving residential building codes, standards, and best practices. The premise is that
proven code-plus prescriptive techniques are assigned greater points than standard code
techniques. Similarly, house systems must have separate weights since they each serve a
specific function and consequentially will respond differently to the effects of natural
hazards. The weighting portion prevents the ReScU users from “point cheating” or
hardening their home in non-relevant areas (e.g. installing a code-plus roof covering to
receive extra points when considering a flood hazard). Assigning greater weights to the
house elements that are most vulnerable is the underlying principle of the weighting
portion.
This research seeks to answer three main questions that directly relate to the
weighting portion of ReScU:
1. What are the most vulnerable elements of a residential home to the various threats
of natural hazards such as wildfires and floods?
2. How do site conditions such as local topography, landscaping, weather patterns,
proximity to man-made and natural protection systems, etc. affect the probability
and severity of damages occurred to a residential home?
3. Assuming a natural hazard damages a specific element of a residential, what
percentage of the time is the house considered a total loss?
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If these questions are answered and ReScU correctly utilizes the results, homeowners
can recognize the potential impacts and damages that may affect their home. This will
allow homeowners direction in selecting the appropriate prescriptive techniques or
retrofit methods to increase the overall hardness of their home.
1.6. Steps taken to accomplish the research goals and objective
The goal of this research is to develop an accurate, user-friendly resilient rating
system that enhances homeowner education and awareness and reduces potential
residential damage. To develop an accurate rating system, we must understand how each
natural hazard influences the vulnerability of various house elements and site conditions
of residential homes. Quantifying these relationships will help homeowners select the
most effective strategies and techniques for increasing the resistance of their home. To
accomplish this, the specific objectives of this research are to:


Fully investigate previous and current residential building codes and code-plus
programs that offer prescriptive techniques for natural hazard resistance



Identify residential house elements and site conditions that are affected by the two
natural hazards being considered: wildfire and floods



Initiate the Delphi research process by developing initial Delphi surveys with
selected wildfire and flood experts and conduct pilot study



Solicit and select Delphi expert panels for wildfire and flood



Administer three rounds of the Delphi surveys with the goal of reaching
consensus
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Analyze results and integrate results into the Resilient Scoring Utility



Select a method for measuring validity and reliability



Disseminate the results from Delphi surveys and validation methods

1.7. Practical application and research process contributions
In response to the gap analysis previously completed by the Resilient Home Program,
the overall contribution of the RHP is the development of ReScU. This system will apply
to existing buildings and new construction, evaluate the effect of location and site
conditions on the resilience of the building, and include a cost/benefit analysis with
respect to the recommended reinforcement techniques. Specifically, the scope of this
research includes the quantification of how each house element and site condition interact
with and are affected by wildfire and flood; which were selected due to the high
frequency of recent occurrence throughout the United States. Future research endeavors
will investigate other natural hazards such as high wind, seismic, hail, and mudslide
events. From this increase in knowledge, the most significant contribution can be
realized by the average homeowner residing in a hazard prone region. The data and
results from this research study have the potential to help homeowners, neighborhoods,
and communities. The increase in knowledge may encourage them to implement
construction techniques and methods that resist the affects of natural hazards and
ultimately reduce damages, save lives, and avoid negative economic and social
consequences.
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From a broader perspective, widespread usage of hazard mitigation techniques may
reduce societal burdens caused by mass relocation, disruption of the local tax base, and
government supported insurance programs. Also, damages resulting from natural
disasters contribute a significant amount of waste to landfills during the cleanup phase
post-event. For example, Hurricane Katrina caused $41.1 billion of damage, resulting in
an environmental burden equivalent to 22 million tons of debris and more than 10,000
tons of household hazardous waste (Insurance Information Institute, 2012; PBS, 2006)
Another potential contribution to knowledge is the transferability of the research
methods used in this study towards developing other similar rating systems. Review of
existing rating systems shows no proven or rigorous framework for developing building
rating systems exists. This research defines an appropriate framework for developing a
rating system, its analysis criteria, and weighting factors for the analysis criteria. Using a
systematic method similar to the one presented in this research to develop other rating
systems will lead to more accurate rating systems across fields.
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2. CHAPTER TWO: BACKGROUND AND LITERATURE REVIEW
The first step taken towards accomplishing the research objectives was to gain a
broad understanding of hazard mitigation. This investigation included historical natural
hazard data, rating systems, current building programs, codes, standards, and previous
research related to hazard mitigation. A broad understanding of these connected subjects
provided a framework for establishing the need for the research and identified areas that
require additional exploration. This chapter provides an overview of how greater risks
are experienced due to increased exposed population, how hazard mitigation and
resilience apply to residential homes, and how the lack of homeowner education
emphasizes the need for a resilient rating system for residential homes.
2.1. Hazards evolve over time – so should mitigation techniques
As mankind continues to develop the built environment in hazard prone areas, and as
our infrastructure components become increasingly dependent upon one another, the need
for damage mitigation in these systems is critical. Natural and manmade hazards are
increasing in frequency, magnitude, and effect while resilient building techniques and
methods are slow to take root. Within a 30 year period, the number of reported natural
hazards increased by almost 400% from fewer than 100 in 1974 to a little more than 400
in 2003 (Guha-Sapir, Hargitt, & Hoyois, 2004). Worldwide economic losses from
natural hazards such as hurricanes, earthquakes, and their resulting events (floods,
wildfires, etc.) have increased from $528 billion over the period 1981-1990 to more than
$1.2 trillion in 2001 through 2010 (Michel-Kerjan, 2011). Additionally, evidence
suggests that climate change is contributing to an increase in sea-level-rise based surge
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risk. Recent modeling predicts that by the end of the century, what is presently
considered a 100 year surge flooding would be expected every 3 to 20 years, and what is
presently considered a 500 year flood surge would be expected every 25 to 240 years
(Lin, Emanuel, Oppenheimer, & Vanmarcke, 2012).
Despite these intimidating facts, the general approach towards hazard management
for public agencies have been reactive and focused on response, relief, rehabilitation, and
reconstruction. Preparedness, prevention and calculations of risks and vulnerability
assessments have been a low priority (Guha-Sapir, Hargitt, & Hoyois, 2004). However,
widespread integration of hazard preparedness, prevention, and resistance can reduce
lives lost, infrastructure damage, and negative economic, social, and environmental
consequences.
2.2. Increased risks due to exposed population
According to the U.S. Census Bureau, 47.7 percent of the U.S. population resides in
coastal counties and this trend will increase as the model shown in Figure 2.1 predicts an
increase in migration toward coastal regions.
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Figure 2.1 Human development in coastal zones (Ahlenius, 2008)
Despite experiencing Hurricane Katrina in 2005, the country’s costliest natural
hazard, populations along the Gulf, Atlantic, and Pacific coasts significantly increased
between the years 2000 and 2010 (Insurance Information Institute, 2012). On a larger
timescale, Florida’s population alone increased from 2.8 million residents in 1950 to 18.8
million in 2010: enduring a 570 percent increase (Michel-Kerjan, 2011). A TIME poll of
American adults administered one year after Katrina showed that among Gulf Coast
residents, 43 percent claimed they do not face much risk (Ripley, 2006).
Almost 91 percent of U.S. citizens are currently residing in areas with a moderatehigh risk of one or more of the following hazards: hurricanes, flooding, high-wind
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damage, wildfires, earthquakes, and volcanoes (Ripley, 2006). Table 2.1 shows
surprising data about how several coastal counties that are subjected to high frequencies
of hurricanes also experience significant population changes. An increasingly larger
amount of people are living in dense coastal cities that are hit more frequently by costly
natural hazards. This leads to the question: why are we exposing greater populations to
high-risk events?
Table 2.1 Top coastal counties most frequently hit by hurricanes: 1960 to 2008
(Insurance Information Institute, 2012)
Number of Percent increase
Hurricanes in population,
1960-2008
1960-2008

State

Coastline
Region

Monroe County

FL

Gulf of Mexico

15

50.8%

Lafourche Parish

LA

Gulf of Mexico

14

67.2%

Carteret County

NC

Atlantic

14

104.3%

Dare County

NC

Atlantic

13

465.9%

Hyde County

NC

Atlantic

13

10.1%

Jefferson Parish

LA

Gulf of Mexico

12

108.9%

Palm Beach County

FL

Atlantic

12

454.7%

Miami-Dade County

FL

Atlantic

11

156.5%

County

Unless resilient building techniques and hazard mitigation measures are implemented,
the increased population and development in hazard prone regions translates to increased
likelihood of severe economic, social, and environmental damages.
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2.3. Resilience defined as the ability to resist damages
Literature relevant to natural hazard mitigation contains many variations of the
definition for “resilience.” In the hazard mitigation and climate change literature,
resilience is defined as the desire “to be able to withstand short term or long term shocks
and be able to return to pre-shock or pre-trauma conditions” (Petrillo & Prosperi, 2011).
The United National International Strategy for Disaster Reduction defines resilience as
“the ability of a system, community, or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient
manner” (UNISDR, 2009).
According to Carlson, et.al (2012) the definitions vary depending on the topic of
study or object of analysis such as an asset, facility, system, community, region, etc.
For the purpose of this research, the object of analysis is residential building techniques
including house elements and site conditions and their ability to withstand natural
hazards; resilience is used in a context of minimizing structural damage to homes by
focusing on the overall performance of the structure during and after natural hazards.
Thus, the most appropriate definition of resilience for use in this study is from Bruneau et
al. (2003):
Resilience can be understood as the ability of the system to reduce the chances of a
shock, to absorb a shock if it occurs (abrupt reduction of performance) and to
recover quickly after a shock (re-establish normal performance). More specifically, a
resilient system is one that shows the following:
 Reduced failure probabilities
 Reduced consequences from failures, in terms of lives lost, damage, and negative
economic and social consequences
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 Reduced time to recovery (restoration of a specific system or set of systems to
their “normal” level of performance) (p. 736)

The former half of Bruneau’s definition that highlights the importance of reduced
failure probabilities and consequences from failures; this is most applicable to this
research. Within this research study, an objects’ ability to reduce failure probabilities
and consequences from failures will be referred to as its resistance capability. The term
“resistance” may be used synonymously with other measures such as vulnerability,
survivability, robustness, and protection. Additionally, it is important to note that terms
such as threat, hazard, disaster, peril, and event are often used interchangeably when
discussing homeland security issues (Carlson, et al., 2012). Within this research,
“hazard” is used more commonly since it assumes the event has yet to occur.
Resilient buildings, in the context of this research, are those that are designed to resist
damages resulting from natural hazards. Damage mitigation techniques can be employed
on the actual building or on the site it is located. From a planning perspective, mitigation
techniques can be considered during site selection for new construction. In high risk
areas, these damage mitigation techniques may benefit the owner by reducing direct
property damages, minimizing relocation time during the recovery and repair period,
minimizing economic loss incurred from business interruption, and reducing insurance
premiums.
2.4. The need to prioritize residential mitigation techniques
The construction of many new homes in the U.S. today is required to follow more
stringent building codes like the International Residential Code (IRC) which, depending
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on the code edition, may include current resilient building techniques. However, the
majority of existing homes throughout the U.S. were built during time periods and in
locations where no codes or currently outdated codes were enforced. Consequentially,
many of these homes lack the basic resilient building techniques specified in the most
current code editions. Since there is no universal rating system available to rate home
resilience against common natural hazards, homeowners are unaware about the
weaknesses of their homes and how to eliminate these weaknesses. Moreover, existing
building programs are certification-based and do not emphasize the possible financial
incentives that can be achieved by building more hazard resilient homes nor do they take
into account the site and location variability.
A variety of techniques, products, and methods exist to mitigate hazard-related
damages. The effectiveness and cost of these systems vary widely, and thus far, little
research has focused on prioritizing these mitigation techniques. Homeowners, even
those with a basic knowledge of construction principles, generally are not informed of
mitigation best practices. In fact, fewer than one in five Americans claim they are “very
well” prepared for a natural hazard (Ripley, 2006). Even after experiencing the threat of
five hurricanes during the 2008 season, 83% of residents in the Atlantic and Gulf Coast
states did not take steps to improve the resilience of their homes (Mendez, 2009). Thus,
there is a strong need to develop a comprehensive rating system that identifies
weaknesses of homes and provides prescriptive retrofit recommendations for
homeowners through prioritization of the most effective mitigation techniques.
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2.5. Rating systems help put theory into practice
When new concepts are introduced in construction, particularly those that are not
mandated, a method for measuring the effectiveness of these concepts is critical. With
the recent push for sustainability’s integration into construction, frameworks have been
developed to create a standardized method for measuring the effectiveness and results of
sustainability related techniques, concepts, and products. LEED and Green Globes are
widely used rating systems used to certify a building or neighborhood’s overall
sustainability, analyzing components varying from site selection to the types of toilets
used (U.S. Green Building Council, 2012). On a more product-specific scale, Energy
Star was developed to measure the energy usage of appliances, products, and entire
homes. These rating systems compare products and homes to baselines set as realistic
energy consumption goals. Appliances meeting certain energy usage criteria are allowed
to claim Energy Star compliance and use the branding to promote their product (Energy
Star, 2012).
As another relatively new concept in construction, the movement to initiate resilient
efforts in construction needs a system for documenting metrics. Very basic systems
exist, such as the Institute for Business and Home Safety’s (IBHS) Fortified Home
Program, but these systems neglect to show possible incentives for increasing resiliency
and do not take into account the location and site conditions of the home. Other industry
efforts, such as FLASH’s Blueprint for Safety are useful for homeowners, builders, and
other stakeholders, but these ideals have not been organized into a rating system.
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In order to understand the necessity of a resilience rating system, it is important to
understand the benefits of existing rating systems, such as LEED and Energy Star. These
systems put theory into practice and allow for a standardized comparison of sustainability
efforts. As sustainability and “green” have grown into buzzwords, industry members
have pushed marketing efforts to the “green” demographic. Though many of these
businesses do have more sustainable products or services, others have “greenwashed”
their products, adding sustainability buzzwords that are not representative of their
products. A method for measuring sustainability was needed; thus, LEED, Green Globes,
Energy Star, and other sustainability rating systems were developed.
Although rating systems like LEED and Energy Star are pushing the construction
industry towards important sustainability goals, there are several shortcomings with the
current development of checklists, rating systems, and points or credits. First, the amount
of time and effort required to learn about and implement a rating system is a potential
barrier for widespread adoption from designers, builders, developers, and homeowners
(Reeder, 2010). It takes time for the user to become familiar with any new rating system
or building program; narrowing the focus and concentrating on important measures that
make the greatest impact can improve the learning curve.
Another downfall of current green programs is that many green building decisions are
based solely on prescriptive criteria that the developers feel will reduce negative
environmental impacts. The prescriptive criteria are assembled into checklists and point
values are then assigned to each checklist item. Therefore, in theory, the more checklist
items incorporated into the building translates to a greater building score and a “greener”
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building. Rating systems based solely on prescriptive criteria and building scores directs
attention away from the primary goal, sustainability, and resulted in designers pursuing
building points and scores (Bohnhoff, 2011). These rating systems allocate points for
specific practices designed to increase the sustainability of a building. In many cases,
competing sustainability rating systems do not allocate points to practices in the same
percentages, creating confusion about the true effectiveness of these practices. The
Pacific Northwest National Laboratory compared sustainability rating systems and noted
specific examples of the allocation differences (as a percentage of total possible points
for each category), as seen in Table 2.2.
Table 2.2 Comparison of Sustainability Rating System Emphases (Fowler & Rauch,
2006)
Sustainability Metrics Categories
Employ renewable or High-Efficiency
Energy Sources
Monitor Project Performance
Facilitate Quality Indoor Environmental
Quality through Good Design, Construction,
and Operation & Maintenance Practices
Provide Thermal Comfort
Supply Adequate Levels of Ventilation and
Outside Air
Prevent Airborne Bacteria, Mold, and Other
Fungi
Renovate Existing Facilities, Products, and
Equipment
Maximize the Recycled Content of All New
Materials

Percentage of Total Allowable Points for Category
BREEAM
CASBEE
Green Globes
LEED
15

11

13

24

20

11

38

6

7

6

N/A

20

20

34

13

20

7

7

30

13

7

3

23

N/A

8

18

10

38

16

35

29

15

These prescriptive techniques do drive designers in the right direction toward
sustainability goals, but to avoid the possibility of point chasing, rating systems must
assign two values to each prescriptive technique, a point (or score) and a weight. The
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purpose of the weight is to prioritize and reward greater scores to the most relevant
techniques. Additionally, using a performance-based rewards approach that focuses on
how the entire structure behaves in relation to the design criteria is an effective way to
offset point chasing. The development of the weighting portion for a resilient rating
system is described in Section 3.8.
While reviewing these existing rating systems, it became apparent that there was no
consensus on the methods for developing these rating systems. There is little
transparency as to how many of the rating systems’ select and weight their criteria.
Inappropriate analysis criteria and incorrect weighting can lead to inaccurate results. A
variety of fields are introducing their own rating systems, and the public often bases
decisions on the results of these rating systems, whether or not they are accurate. This
research defines an appropriate framework for developing a rating system, its analysis
criteria, and weighting factors for the analysis criteria.
2.6. Benefits of rating systems on a single home and community scale
The examples provided in the previous section describe the possible shortcomings of
rating systems. However, if designed and implemented correctly, rating systems can
provide a rigorous method for measuring the effectiveness of concepts like sustainability
and resilience. Rating systems can define qualitative traits and characteristics (e.g.
sustainability, resilience, or both) in application and assign quantitative scores and
weights based on their effectiveness. For the context of a residential home, this
simplifies the comparison of specific elements and systems within a home and allows for
a direct comparison from one home to another. By uniformly comparing one element to
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another, flaws and possible areas for improvement can be identified and in turn, potential
solutions can be offered. These potential solutions must promote the implementation of
proven technologies and strategies that improve the scrutinized characteristic of the
home.
Benefits of a resilient rating system are present on both the individual home and
community levels. For an individual homeowner, a resilient rating system will increase
their knowledge about: (1) the overall resilience of their home; (2) the most vulnerable
elements of their home based on construction and location; and (3) effective strategies for
improving resilience. Considering that less than one in five Americans claim they are
“very well” prepared for a natural hazard, this increase in homeowner knowledge alone is
strong motivation for developing a resilient rating system (Ripley, 2006). Increasing
homeowner knowledge will consequentially lead to behavior changes and improved
resiliency throughout the existing building stock.
Similar to the current incentives available for sustainability initiatives, a major
advantage for a residential resilient rating system are possible tax credits and insurance
breaks for homeowners. Incentives related to energy-efficiency building design and
construction are present on the federal, state, and local levels and include tax credits
related to alternate energy use or energy efficiency. For example, the New Jersey Clean
Energy Program (NJCEP) recently offered up to 70 percent rebates to homeowners who
installed equipment that uses solar energy to generate electricity or to heat or cool their
home (NJCEP, 2012). With a residential resilient rating system, similar programs can
incentivize efforts to improve home resiliency. Comparable benefits can be realized
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through lower insurance rates for resilient homes built in susceptible, high risk areas
where rates are typically high. The idea that resilient homes should pay lower rates is
sensible since the mitigation of damage can also benefit the insurance agencies given that
resilient homes suffer less insured losses due to damage.
Another potentially influential benefit from building resiliency and implementing a
rating system that measures and confirms resilient building achievements is the increased
resale value of a home which also impacts the value of surrounding homes in the
community. Homes in a community are directly related to each other in design, property
value, and even resilience. Especially in a resilient context, the weaknesses of a single
home can impact the vulnerability of neighboring and surrounding homes. For example,
in floods and high wind events, flood and windborne debris are major threats to homes; a
debris missile can damage the structural elements of a home or breach the envelope and
expose the interior of the home to major damage. Additionally, a breach to the building
envelope invites wind into the building that may cause an over pressurization which often
results in structural failures (FEMA, 2008).
Since missiles and other debris originate from building materials in the surrounding
area, having several resilient homes throughout a community may eliminate the debris
source and reduce the overall risk of debris impact (FEMA, 2008). Therefore, the
increased density of resilient homes in a community will yield less vulnerable
communities to natural hazards. The development and implementation of comprehensive
building programs and rating systems on a community scale are worthy goals. According
to Tobin (1999), the relationships between a community and natural hazards are complex
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and involve social, economic, environmental, political, and physical dynamics.
Therefore, these goals must be achieved on an individual home scale before expanding to
a community level.
2.7. Development of a residential resilient rating system
According to Babrauskas (1999), all performance-based building guidelines must
contain quantitative measures for evaluating whether the design meets its intended
purpose. Developing metrics to quantify the resiliency of a residential house requires
consideration of a complex structure that contains several systems (e.g., roof covering,
exterior wall covering, openings, foundation type, etc.) that contribute to the overall
resilience of the home. Additionally, the interaction between house systems and the
surrounding site play a critical role. For example, during a wildfire, the home’s proximity
to ignitable fuels such as timber and brush may increase or decrease the risk of home
ignition. Further increasing the challenge of developing a resilient rating system, the
resilient metrics must vary depending on which natural hazard is being considered and
their respective threats.
Based on the initial gap analysis, review of current building programs, and feedback
from a stakeholder group outlined in previous Section 1.3, the Resilience Scoring Utility
known as ReScU, must be designed to use a performance-based approach to rate the
home with respect to its natural hazard resistance for different types of common threats.
The system must be adjustable if either the hazards or the surroundings of the home
change. Also, as codes evolve and new technologies are introduced, ReScU must evolve
as well and encourage the addition of innovative construction technologies and design
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features. The overall goal of ReScU is to provide a home with a total resilient score
which may be used by the insurance industry, government agencies, and others to offer
incentives or credits to homeowners for installing appropriate resilient features in their
homes. Further explanation of the rating system development process is covered in
Section 3.8.
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3. CHAPTER THREE: RESEARCH METHODS
The relationships between natural hazards and the vulnerability of various house
elements and site conditions must be understood to develop an accurate rating system.
First, this chapter identifies the wildfire and flood hazards within the scope of this
research and provides a brief description of their perils. Second, a comprehensive
literature review of existing building programs, residential building codes, and relevant
publications reveal the specific house elements and site conditions affected by wildfire
and flood. Then, the Delphi method is introduced as a rigorous research method for
collecting quantitative results from qualitative data. Finally, methods for measuring
validity and reliability of results are suggested for proposed research.
3.1. Specific tasks critical to overall research goal
The goal of the Resilient Home Program (RHP) is to develop an accurate and userfriendly resilient rating system that enhances homeowner education and awareness and
reduces potential residential damage. To develop an accurate rating system, the goal of
this research is to identify how each natural hazard influences the vulnerability of various
house elements and site conditions of residential homes. The purpose of quantifying
these relationships is to help homeowners select the most effective strategies and
techniques for increasing the resistance of their home. To accomplish this, the following
tasks must be carried out:


Identify, according to relevant literature, the measures to be included within a
resilient rating system which aims at taking into account a home’s building
elements, site conditions, and location.
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Develop a metric for determining the relative building performance to resist
natural threats related to wildfires and floods.



Develop a scoring and weighting system based on the relative vulnerability of
house elements and site conditions to natural hazards. The scoring and
weighting system must confirm and quantify resilient building achievements.

3.2. Hazards included within the scope of this research
The Resilient Scoring Utility (ReScU) rating system includes various hazards that a
home may have to withstand based on its location. For example, homes in the eastern
U.S. Southeastern coastal regions may be subject to more hurricanes whereas Midwestern
and Western homes in dry climates are more subject to wildfire events. ReScU uses the
location of a home to determine the possible natural hazards for which the home must be
reinforced. The knowledge of potential threats to a home within a particular location is
advantageous in that specific reinforcement technologies can be recommended and
selected depending on which threats must be mitigated. Existing information, such as
insurance and weather models, FEMA floodplain maps, and ASCE wind zone maps, are
used to determine the location-based vulnerability of homes to different natural threats.
Hazards currently targeted by ReScU include:


Wildfire



Flood



Wind (including hurricane related winds)



Seismic
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Hail



Debris flow (e.g. mudslide)

These hazards were defined based on feedback from a stakeholder panel during an
earlier RHP study (Bencze, 2011). Due to time constraints and the complexity of
incorporating many hazards, the wildfire and flood hazards are considered within the
scope of this research. Specifically, within each hazard, there are several perils that
contribute to the overall threat of the hazard. For example, a wildfire can ignite a home
through airborne embers, radiant heat, and convective flames and different reinforcement
technologies are required to improve the resistance of the structure against each peril.
The perils associated with the wildfire and flood hazards are further defined in the
following section. Once the ReScU rating system is completed for the wildfire and flood
hazards, future research will replicate the procedure outlined in this chapter for wind,
seismic, hail, and debris flow.
3.3. Defining the perils associated with the flood and wildfire hazards
To understand which house elements and surrounding site conditions to include in a
residential rating system, it is necessary to understand how homes are affected by natural
hazards. Increased awareness about factors that contribute to house damage will help
identify the most effective mitigation technologies and strategies. The following
subsections identify and define the perils associated with wildfire and flood hazards.
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3.3.1. Wildfire perils
Heat is transferred by conduction, convection, and radiation; in wildfire conditions,
any or all of the three methods of heat transfer may contribute to a home’s ignition
(NFPA, 2006). The three perils that are associated with wildfire and commonly cause
home ignition are shown in Figure 3.1 and defined below:


Burning embers: An ember is defined as burning needles, leaves, branches
and cones that create embers or firebrands during a wildfire. Burning embers
land on combustible materials on the home or enter the home through vents
and other openings. Conduction (heat transfer to another body by direct
contact) from firebrands and embers occurs when there is sufficient heat for a
long enough time to conduct heat from the surface of a wall to the interior
(NFPA, 2009).



Radiant heat: Radiation (heat transfer by way of electromagnetic energy)
occurs when there is enough heat within a close proximity to a flammable
object to cause ignition. Radiant heat from burning vegetation or structures
may transfer enough heat to ignite a home’s roof, siding, decks or porches, or
breaks windows, and allow ignition of the interior (NFPA, 2009).



Convective flames: Convection (heat transfer by circulation within a medium)
occurs when flames come in contact with the surface of the ignitable structure
or home. Convective flames can be fueled by combustible material (e.g.,
grass, pine needles, dry leaves, woodpiles, furniture, doormats, etc.) on or
adjacent to the home (NFPA, 2009).
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Figure 3.1 Wildfire perils attacking a home (FLASH, 2006)
In order to estimate how the three perils of a wildfire may affect a home, several
assumptions
umptions must be made. According to Cohen (1991) in his heat transfer module,
module the
worst case scenario must be assumed. He claims that, “due
ue to the impossibility of
knowing the specific characteristics of a future inc
incident, the worst case
ase configurations for
the heat transfer are used” (p. 254). Therefore, within the ReScU framework all perils
(embers, convective flames, and radiant heat) are considered to be present at the same
time. In the ReScU framework, the inter
interaction
action between perils, house elements, and site
conditions must be quantified to determine which area is the most vulnerable during a
wildfire event. House elements and site conditions are further defined in Section 3.4.
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3.3.2. Flood perils
Flooding can originate from a number of sources and can lead to a variety of impacts
on buildings. Rising water, storm surge, hydrostatic forces, hydrodynamic forces, waves,
floodborne debris, erosion, and scour are all perils associated with a flood hazard
(FEMA, 2006). Rising water and storm surge are the focus within this research since
their definitions include the severe perils associated with floods. The FEMA definitions
for these perils are used within this research:


Rising water: Includes both hydrostatic and hydrodynamic forces.
Hydrostatic forces: The horizontal hydrostatic forces against a structure are
created when the level of standing or slowly moving floodwater on opposite
sides of the structure are not equal. Flooding can also cause vertical
hydrostatic forces, resulting in flotation. Rapidly rising floodwaters can also
cause structures to float off of their foundations. If floodwaters rise slowly
enough, water can seep into a structure to reduce buoyancy forces (FEMA,
2006).
Hydrodynamic forces: Moving floodwaters create hydrodynamic forces on
submerged foundations and buildings. These hydrodynamic forces can destroy
solid walls and dislodge buildings with inadequate connections or load paths.
Moving floodwaters can also move large quantities of sediment and debris
that can cause additional damage (FEMA, 2006).



Storm surge: Water that is pushed toward the shore by the combined force of
the lower barometric pressure and the wind-driven waves advancing to the
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shoreline. This advancing surge combines with the normal tides to create the
hurricane storm tide, which in many areas can increase the sea level by as
much as 20 to 30 feet (FEMA, 2006).
The presence of specific perils is directly related to proximity of the home to the
flood source. Therefore, for the purpose of this study, the threat to a home will be
determined by its location in a predetermined FEMA food zones. The flood zone refers
to a classification system of flood characteristics that can be expected in a certain area.
The flood zones relevant to this study are A Zone, Coastal A Zone, and V Zone and are
defined as:
A Zone: Areas subject to shallow flooding only, where potential for breaking waves
and erosion is low (FEMA, 2006). Homes located within an A Zone are subject to a 1%
annual chance of flooding and a 25% chance of flooding over the life of a 30-year
mortgage (FEMA, 2012).
Coastal A Zone: A Zone landward of a V Zone including areas subject to breaking
waves greater than 1.5 feet high and erosion during the base flood. Buildings are subject
to flooding conditions similar to, but less severe than, those in V (FEMA, 2006).
V Zone: Areas subject to increased flood, breaking waves, floodborne debris and
erosion hazards during the base flood (FEMA, 2006). V Zones typically have ground
elevations that are below the Base Flood Elevation (BFE) with waves expected to be
greater than three feet high during the 100-year flood pattern (FLASH, 2006).
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Another factor that contributes to the severity of a flood’s effect on a building is the
Base Flood Elevation and its relation to the lowest floor of the building. The Base Flood
Elevation is defined as, “the water surface elevation resulting from the base flood having
a 1-percent chance of being equaled or exceeded in any given year, commonly referred to
as the ‘100-year flood’ (FEMA, 2008).” FEMA defines the lowest floor of a building as,
“the lowest floor of the lowest enclosed area of a building, including a basement.” Any
enclosure used solely for parking, access, or storage is not considered the lowest floor
(FEMA, 2008). The BFE and lowest floor elevation are both site specific inputs that are
considered in the ReScU framework.
3.4. Determining house elements and site conditions to be considered in ReScU
This research seeks to understand how each natural hazard influences the
vulnerability of various house elements and site conditions of residential homes. To
accomplish this objective, the specific house elements and site conditions affected by
wildfire and flood hazards must be identified. To do this, a comprehensive review of
existing building programs, former and current residential building codes, and code-plus
resources was conducted. House elements and site conditions that were common
throughout the literature were considered for inclusion in ReScU.
3.4.1. House elements and site conditions affected by wildfire hazards
To apply effective wildfire mitigation techniques, an understanding of how wildfires
ignite homes and conditions that promote the spread of wildfires is needed. The literature
review, five publications located that were comprehensive documents in regards to
wildfire and its effects on residential homes. The International Code Council’s (ICC)
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International Wildland-Urban Interface Code ® (2012) establishes minimum regulations
for land use and the built environment in wildfire prone areas and seeks to mitigate the
perils of wildfires through enforcement of model code regulations. The National Fire
Protection Association’s (NFPA) Standard for Reducing Structure Ignition Hazards from
Wildland Fire (2008) provides a methodology for assessing wildland fire ignition hazards
around existing structures and outlines minimum construction requirements to reduce
home ignition. The Blueprint for Safety Contractor’s Field Manual (2006) developed by
the Federal Alliance for Safe Homes (FLASH) provides current and reliable information
about hazard mitigation techniques for residential homes to help families better prepare
for natural hazards like wildfires, floods, windstorms, and hail. Likewise, the Institute for
Business & Home Safety’s (IBHS) Fortified…for safer living Builder’s Guide (2008)
introduces a homebuilding program that specifies construction, design, and landscaping
guidelines to increase a home’s resistance to natural hazards. Finally, the Home
Builder’s Guide to Construction in Wildfire Zones (2008) developed by the Federal
Emergency Management Agency (FEMA) offers information regarding wildfire behavior
and recommends building design and construction methods to reduce home ignition from
wildfires.
These five publications identify 22 house elements and site conditions (eleven each)
that are influenced by the three wildfire perils. Of these elements and conditions, seven
house elements and six site conditions were included by at least three of the five
publications. Although the house element “foundation design” was referenced by only
one publication, the researcher believed that open and closed foundations are vulnerable
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to wildfires in different ways and should be included in this study. These fourteen
characteristics, listed in Table 3.1, are included in ReScU.

X
X
X
X
X
X
X
X

X
X
X
X

X

X
X
X
X
X

X

X
X
X

X
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X

X
X

X

X

X
X

X

X
X
X

X
X

X
X
X
X
X
X
X

X

X
X

X
X
X
X
X

X
X

X
X

X
X
X
X
X

Total

X
X

X
X
X
X
X

X
X
X

FEMA (2008)

X

IBHS (2008)

Wildfire House Elements
Roof covering and design
Roof debris
Eaves, overhangs, and soffits
Exterior wall system
Vents and openings
Gutters and downspouts
Windows, doors and skylights
Nooks and crannies
Foundation design
Decks and attachments
Landscape fences and walls
Wildfire Site Conditions
History
Defensible/surrounding space
Topography
Ingress/egress/road conditions
Fire hydrants
Building setback
Vegetation
Vehicle parking
Utilities and tanks
Weather
Community infrastructure

FLASH (2006)

ICC (2012)

NFPA (2008)

Table 3.1 House elements and site conditions pertinent to wildfire from literature –
modified from (Calhoun, 2010)

5
3
4
5
5
2
5
1
1
5
2
3
5
4
2
2
3
5
1
4
3
1

3.4.2. House elements and site conditions affected by flood hazards
To apply effective flood mitigation techniques, an understanding of how floodwaters
enter homes and how surrounding conditions influence flood severity is needed. During
the literature review, five publications were found to be comprehensive documents in
regards to flood perils and their effects on residential homes. The International Code
Council’s (ICC) International Residential Code ® (2012) establishes minimum
regulations that address the design and construction of residential homes and seeks to
uphold the public health and safety in communities through enforcement of model code
regulations. The Blueprint for Safety Contractor’s Field Manual (2006) developed by
the Federal Alliance for Safe Homes (FLASH) provides current and reliable information
about hazard mitigation techniques for residential homes to help families better prepare
for natural hazards like wildfires, floods, windstorms, and hail. Likewise, the Institute for
Business & Home Safety’s (IBHS) Fortified…for safer living Builder’s Guide (2008)
introduces a homebuilding program that specifies construction, design, and landscaping
guidelines to increase a home’s resistance to natural hazards. The American Society of
Civil Engineers’ (ASCE) Flood Resistant Design and Construction (2006) manual
informs designers about the minimum requirements and expected performance for the
buildings located in flood hazard areas. Finally, the Home Builder’s Guide to Coastal
Construction (2005) developed by the Federal Emergency Management Agency (FEMA)
provides technical guidance and recommendations concerning the construction of
residential buildings in coastal regions.
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These five publications identify nine house elements and twelve site conditions that
are influenced by the flood perils. Of these elements and conditions, five house elements
and six site conditions were included by at least three of the five publications. Although
“first floor enclosures” (one reference) and “wall-wall connections” (two references)
were not referenced by the majority of the publications, the researcher believed that both
should be included in this study. Under the site conditions, “history,” “topography,”
“weather,” “natural protection systems,” and “subject to flash flooding” were all
underrepresented characteristics included within the study. These eighteen
characteristics, listed in Table 3.2, are included in ReScU.

41

Total

X
X
X
X
X
X

FEMA (2005)

X

ASCE (2006)

X
X

IBHS (2008)

FLASH (2006)

Flood House Elements
Foundation design
Exterior wall system
First floor enclosures
Windows and doors
Wall-foundation connection
Wall-wall connection
Utilities
Moisture barrier systems
Flashing
Flood Site Conditions
History
Topography
Parcel size
Soil characteristics
Weather
Lowest floor elevation
Base Flood Elevation
Flood velocity
Proximity to floodplain
Man-made protection systems
Natural protection systems
Subject to flash flooding

ICC (2012)

Table 3.2 House elements and site conditions pertinent to flood from literature –
modified from (Calhoun, 2010)

X

X
X

X
X
X
X
X
X
X
X
X

4
4
1
3
3
2
5
2
2

X
X
X

X

X

X
X
X
X
X
X

X

X

X
X

X
X

X
X

X

X
X
X
X
X
X

X
X
X
X
X
X
X

0
1
1
3
0
5
5
3
4
3
1
2

3.5. Using expert input to determine vulnerability of house elements and site
conditions
With the house elements and site conditions identified from literature, the next
research objective consisted of determining the vulnerability of each criterion in relation
to the respective natural hazards. The purpose of quantifying these relationships will aid
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homeowners in selecting the most effective strategies and techniques for increasing the
resistance of their home. The vulnerability of each criterion will directly influence the
weighting portion of ReScU.
Three methods for determining vulnerability were considered: using historical
damage data from previous natural hazards, conducting experimental research on model
homes, and evaluating consensus from focus group investigations. The researcher
originally believed that natural hazard damage data would be readily available from
insurance companies and risk modeling companies such as State Farm Insurance and
Risk Management Solutions (RMS). Additionally, it was assumed that FEMA
publications on post-hazard damage assessments would be available and that these would
illustrate how homes failed during natural hazards. Upon further investigation, this
empirical data was either inexistent or unattainable from the aforementioned public and
private resources.
This led to more brainstorming from the RHP team and another worthy, yet
unrealistic method for data collection was discussed. This method involved collecting
experimental data by building and studying model homes as they are subjected to the
perils associated with wildfire and water. Similar research is currently ongoing at the
IBHS Research Center in Chester County, South Carolina where various types of realistic
storms are simulated and tested on full-scale one- and two-story residential and
commercial building specimens and systems. This research is currently funded by the
property insurance industry and focuses on residential catastrophe related issues (IBHS,
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2012). The RHP team decided that collaborating with competing research teams would
complicate the research process due to conflicting goals and objectives.
After much consideration and discussion, it was decided that the most feasible data
collection method was to use expert focus groups to collect and evaluate group consensus
on the subject matter. The qualification for the research process is that it must be
established, rigorous, structured, and transferable. A rigorous and proven process helps
address validity and the desired level of academic commitment for doctoral research. A
structured process allows for the consistency between the ratings of separate expert
groups. Finally, the transferability of the research method contributes to the broader
impacts of this study by showing the framework is applicable across various content
areas such as wildfire and flood.
3.6. Decision to use Delphi research method
Since traditional research methods such as experiments that collect and measure
empirical data are unrealistic for this study, the researcher decided to rely on qualitative
data collected from focus groups. Among the various qualitative studies used to collect
and evaluate group consensus, the Delphi process outlined by Hallowell and Gambatese
(2010) allows researchers to collect reliable data from certified experts through tactically
designed surveys. Hallowell and Gambatese (2010) offer a standard methodology for
implementing the Delphi process in rigorous studies; therefore, their suggested
methodology is executed within this research project.
The Delphi method was developed and employed in the 1950’s by a group of
researchers at the RAND Corporation for military strategy purposes. The original
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application of the Delphi process was under “Project DELPHI” and involved forecasting
and planning of uncertain events (Dalkey & Helmer, 1963). Since then, the method has
been used in several fields including technology forecasting and healthcare research
(Hallowell, 2008). According to Hallowell and Gambatese, the Delphi method is useful
in these fields since “experimental research on safety, risk management, innovation, and
technology forecasting is unrealistic due to the sensitivity and complexity of the topics
(2010).” The same is true for building science and resilience research where risk
management and technology forecasting is difficult due to the inconsistent variables such
as house elements, site conditions, and hazard type.
The Delphi method is commonly used as a qualitative method to obtain quantitative
results and since initial development by the RAND Corporation, Delphi has seen
widespread use throughout a variety of industries. According to Linstone and Turoff
(1975), Delphi has many applications including but not limited to evaluating possible
budget allocations, planning university curriculum development, delineating the pros and
cons of potential policy options, and gathering current and historical data not known or
available. This research is focused mainly on the residential construction industry,
therefore the majority of the literature reviewed dealt with construction related Delphi
studies.
Due to its application to sensitive and complex topics, Delphi is gaining a presence
within the construction industry in diverse forms. Robinson (1991) applied the Delphi
method to identify and forecast the technological, economic, and social factors that may
affect future infrastructure investment patterns. This study incorporated three rounds of
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surveys that began with 26 participants and concluded with seventeen. Final conclusions
from the study determined the Delphi exercise provided, “valuable information on
forecasts, assumptions, and uncertainties (Robinson, 1991)” and aided in the
development of a framework for strategic planning of infrastructure projects.
Another application of the Delphi method within the construction industry used two
separate participant groups to explore the differences between the perceptions of entrylevel professional and veteran practitioners with regards to process quality in building
construction (Arditi & Murat Gunaydin, 1999). The Spearman’s rank correlation and
Duncan’s multiple range tests determined that opinions between the two groups were not
statistically significant for the majority of the factors investigated. However, the
researcher provided insight on statistically comparing Delphi results to results from a
secondary study. Alternatively, Cano and Cruz (2002) introduced the Delphi method as a
final validation technique to assess an integrated methodology for project risk
management. Furthermore, Cruz et al. (2006) also used a Delphi analysis to validate the
risks realized on civil service projects in Spain. Both of these validation studies used
only one round with 20 expert participants.
On a global scale, Gunhan and Arditi (2005) employed the Delphi method to explore
the factors that influence a construction company to expand into an international market.
Two rounds with twelve participants were administered and experts were asked to make
relative comparisons between pairs of factors using a one-through-nine scale. Above all,
the study provided insight towards the combined use of the analytic hierarchy process
and the Delphi method.
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Hallowell (2008) and Calhoun (2010) each used the Delphi method in parallel ways
to contribute to the fields of construction safety, health management, and risk
management. Hallowell facilitated three rounds of the Delphi process to quantify safety
risk reduction resulting from independent implementation of safety program elements.
Similarly, Calhoun administered three Delphi rounds with thirteen qualified experts in the
field of construction safety and health to quantify the interrelationships of fifteen highlyeffective safety program elements. Both research studies identified rigorous methods for
selecting and qualifying expert panelists, eliminating various forms of bias, and
effectively implementing the Delphi process within the field of construction safety.
As described above, the Delphi method is applicable to many different fields and the
method’s implementation varies greatly between studies. Differences are seen in Delphi
characteristics such as qualification of experts, number of rounds administered, number
of participants, forms of feedback, and measure of consensus. To reduce the variability
among construction related Delphi applications and define the appropriate procedures for
administering a successful study, Hallowel and Gambatese (2010) published an article
that clearly explains the necessary techniques for rigorously applying the Delphi method.
This article was used throughout this research study as a guideline for implementing the
Delphi method in the field of residential building construction and science.
To further support the use of the Delphi method in building science and resilience
research, the following Table 3.3 modified from Hallowell describes how the Delphi
method fits the characteristics of this research.
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Table 3.3 Applicability of the Delphi method to building science and resilience research modified from (Hallowell, 2009)
Characteristics of Building Science and
Resilience Research

Applicability of the Delphi Method

Historical data is inexistent or unattainable

Delphi offers an alternative judgment-based
method of obtaining highly reliable data

Experiments are unethical and unrealistic

Delphi typically requires no input of
experimental data and relies only on judgment
of experts

Incidents exist on a relatively long timeline

The judgments of expert participants utilize
years of professional and academic experience

The field of study is complex and involves
many confounding factors

The use of judgment from expert panelists
allow researchers to separate the effects of
desired factors from confounding factors in a
properly designed survey

Expert knowledge of the topic required to
accurately rate the interrelationship

Delphi is characterized by the use of a
prequalified group of experts in an effort to
achieve consensus of opinion

Broad topics and number of ratings are outside
the scope of one expert

Delphi studies typically involve 8-12 highly
qualified individuals that have met a minimum
level of expertise

Experts are geographically dispersed and
funding for research is limited

Anonymity and the use of e-mail allows any
expert with internet access or a mailing address
to participate from their location

The impact of research on human welfare may
be significant

Delphi is highly-rigorous and preferred over all
other judgment-based techniques

In summary, through a series of questionnaires with controlled feedback, the Delphi
method is designed to obtain the most reliable consensus of opinion from a group of
qualified experts (Dalkey & Helmer, 1963). Additionally, the Delphi method is useful
when current and historical data is not accurately known or available (Linstone & Turoff,
1975). Furthermore, the Delphi method is a preferred qualitative research method
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because of the high quality of participants, ability to minimize bias, and ease of
implementation (Hallowell & Gambatese, 2010). All of these characteristics, as well as
those outlined in Table 3.3, make the Delphi process an appropriate methodology for
quantifying the vulnerability of house elements and site conditions to natural hazards.
3.7. Application of the Delphi research method
Until recently, a standard methodology for implementing the Delphi process in
rigorous studies was unavailable. During a comprehensive literature review, a useful
article on applying the Delphi method to Construction Engineering and Management
(CEM) research was identified. In this article, Hallowell and Gambatese (2010) suggest
a rigorous process for implementing the Delphi method in CEM research. Using the
guidance of Hallowell and Gambatese’s Delphi structure, this study seeks to (1) identify
and qualify potential expert panelists; (2) select the appropriate parameters such as the
number of panelists, number of rounds, type of feedback, and threshold for measuring
consensus; (3) appropriately structure and administer the surveys in such a way that
general consensus is met. The process followed during this study is shown in Figure 3.2
from Hallowell and Gambatese (2010).
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Figure 3.2 Outlined Delphi process – from (Hallowell & Gambatese, 2010)
50

Using a sequential series of strategically designed questionnaires, the Delphi process
seeks to achieve consensus of opinion from a panel of certified experts. Controlled
feedback in the form of simple statistical information and written comments from expert
participants are provided anonymously to the expert panel members amid certain rounds.
Therefore, the expert panel members are informed of the collective group opinion
compared to their own personal opinion and are given the opportunity to alter their
previous response during subsequent rounds. The commitment to anonymity during the
structured Delphi process, shown in Figure 3.2, exploits the positive attributes of
interacting groups while avoiding the negative aspects such as dominance (Hallowell,
2008).
3.7.1. Identify research question
This research seeks to answer three main questions that directly relate to the
weighting portion of ReScU:
1. What are the most vulnerable elements of a residential home to the various threats
of natural hazards such as wildfires and floods?
2. How do site conditions such as local topography, landscaping, weather patterns,
proximity to man-made and natural protection systems, etc. affect the probability
and severity of damages occurred to a residential home?
3. Assuming a natural hazard damages a specific element of a residential house,
what percentage of the time is the house considered a total loss?

51

If these questions are answered and the results are correctly utilized by the Resilient
Scoring Utility, homeowners can recognize the potential impacts and damages that may
occur to their home and have direction in selecting the appropriate prescriptive
techniques or retrofit methods to increase the overall hardness of their home.
3.7.2. Identifying, selecting, and validating expert panelists
Since building science and resilience research covers a broad field of study, this study
must include experts with academic and professional (industry) perspectives. For the
wildfire and flood subjects, potential experts were identified in several ways. Individuals
that actively participate in their field by holding professional licensures, professional
memberships, academic degrees, publishing relevant journal articles and reports, and
attending relevant conferences were solicited to participate in the studies conducted for
wildfire and flood. The predefined criteria for expert qualification can be viewed in
Appendix A where examples of the expert qualification survey for wildfire and flood are
provided. The purpose of the expert qualification survey was to confirm the individuals
participating in the study as experts within their fields according to the guidelines
provided by Hallowell and Gambatese (2010).
Selecting a diverse panel of highly qualified experts is a requirement for rigorous
implementation of the Delphi method. The panel must consist of individuals with
academic, research, and professional experience within their respective fields. To qualify
experts for this study, a relative point system that allowed the researcher to select experts
with specific qualities and prevent potential non-experts from participating was utilized.
This point system, recommended by Hallowell and Gambatese (2010) and shown in
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Table 3.4, assigns a relative point to various achievements or experiences in a potential
expert’s career. In order to meet a minimum level of qualification using this point system
and participate as an expert panelist, individuals must score at least one point in three
different achievement or experience categories and achieve a minimum score of at least
12 total points.
Table 3.4 Point system for expert qualification – from (Hallowell & Gambatese, 2010)
Achievement or experience
Professional registration
Years of professional experience
Conference presentation
Member of a committee
Chair of a committee
Peer-reviewed journal article
Faculty member at an accredited university
Writer/editor of a book
Writer/editor of a book chapter
Advanced degrees:
BS
MS
Ph.D.

Points (each)
3
1
0.5
1
3
2
3
4
2
4
2
4

According to Calhoun (2010), the number of panelists depends on the number of
experts available on the subject matter, the anticipated time requirement, and the
capability of the facilitator in administering Delphi surveys. In previous studies, the
number of experts on Delphi panels has varied from single digits to hundreds. Hallowell
and Gambatese (2010) indicate that most studies use between eight and sixteen panelists
therefore a minimum of eight is suggested. For the purpose of this research study, the
targeted amount of experts for the panel is between twelve and fifteen experts.
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Therefore, if several panel members decide to drop, an adequate amount of experts will
still remain throughout the entirety of the study.
3.8. Developing Delphi questionnaire
The design of the Delphi questionnaires began with the identification of the various
house elements and site conditions influenced by wildfire and flood perils. The method
for selecting these characteristics is discussed in Sections 3.4.1 and 0. The purpose of the
Delphi surveys was to collect expert opinion on three related matters: (1) how different
site conditions affect the probability and severity of a natural hazard; (2) how the
vulnerability of house elements are affected by varying perils (wildfire: embers,
convective flames, and radiant heat) and threat levels (flood: A Zone, Coastal A Zone,
and V Zone); and (3) how the severity of losses in a home vary depending on specific
hazard conditions such as house element affected for wildfire and elevation of the first
floor for flood. Therefore, the design and structure of the surveys consisted of three
separate sections.
The first section (questions 1.1 and 1.2) is designed to address the issue of how site
conditions influence the probability and severity of wildfire or flood threatening a home.
Probability was considered to be the likelihood of a particular event occurring. Severity
refers to the degree of magnitude associated with an incident (Hallowell, 2008). In this
research, the particular event or incident occurring is a wildfire or flood. Several
characteristics differentiated the wildfire and flood questionnaires in the first section.
First, the flood questionnaire only focuses on severity since probability is determined by
the Base Flood Elevation (the water surface elevation resulting from the base flood
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having a 1-percent chance of being equaled or exceeded in any given year). Second,
since wildfire and flood perils impose unique threats to a home, different site conditions
identified from the literature review are used in the questionnaire. Finally, in all three
sections of the Delphi studies, the response scale was altered from a 0-8 scale used for
wildfire to a 0-10 scale used for flood. The 0-8 scale was used in the wildfire
questionnaire to follow previous examples of Delphi surveys found in literature. After
completion of the wildfire study, the researcher determined that a 0-10 scale was more
appropriate for understanding and analyzing the results.
The second section (questions 2.1, 2.2, and 2.3) address how the vulnerability of
house elements is affected by varying perils and threat levels. The three wildfire perils
defined in Section 3.3.1 are considered to be airborne embers, convective flames, and
radiant heat. The two flood perils defined in Section 3.3.2 are rising water and storm
surge and vary depending on proximity of the house to a FEMA flood zone. The third
and final section (questions 3.1 and 3.2) addresses how the severity of losses in a home
varies depending on specific hazard conditions. For both wildfire and flood
questionnaires, this section seeks to understand the factors that lead to total loss of a
house.
To ensure the survey instructions were easy to follow, level of detail is appropriate
for the study, and role of the expert was well defined, a pilot study was conducted using
the RHP team members and several professional contacts with technical and nontechnical backgrounds as participants. Multiple iterations of feedback were provided via
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email and phone conversations with the initial pilot participants. There comments were
addressed and resubmitted for approval during the feedback process.
The final Delphi round one, two, and three surveys for wildfire and flood perils are
provided in Appendices B, C, and D, respectively. The results from the Delphi surveys
will influence the weighting and scoring portion of the Resilient Scoring Utility (ReScU).
In order to assign a total resilience score to a home, the system must account for the
location of the home including site conditions along with the building components and
structural systems present in the home. Questions 1.1 and 1.2 directly translate to the
location factor and site conditions of the home, questions 2.1, 2.2, and 2.3 focus on the
house elements found in the building, while question 3.1 and 3.2 relate to the cost-benefit
of resilient improvements.
The results from each of these questions are used as the weighting portion for the
corresponding site condition or house element. Scores are then assigned to resilient
mitigation techniques that improve the resilience of these site conditions and building
components; the more effective mitigation techniques earn higher scores. Each individual
score for site conditions and building components are multiplied by the corresponding
weight in order to get the final “resilient score” which will be summarized in the total
building resilient score. The total building resilient score represents the home’s ability to
resist the natural hazard under consideration.
3.8.1. Three Delphi rounds with statistical feedback and comments
The Delphi process is unique in that it implements multiple rounds of surveys with
controlled feedback provided between certain rounds. Ideally, Delphi studies with
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unlimited amount of time requirements and dedicated expert participants should continue
for as many rounds as it takes to achieve the target consensus. This, however, is not the
case for realistic studies with time constraints and volunteer participants. Hallowell and
Calhoun (2011) found that most researchers suggest that three rounds of surveys are
sufficient enough for achieving consensus while retaining qualified expert participants.
For this study, three rounds of surveys were conducted with detailed feedback provided
between rounds two and three.
Another unique Delphi characteristic is the ability to provide unbiased controlled
feedback to expert participants between survey rounds. This allows expert panelists to
anonymously consider the numeric responses and comments of other panel members and
ultimately reduce biases such as dominance, myside, collective unconscious and the Von
Restorff effect. Dominance occurs when certain individuals control the direction of the
conversation and the rating scores of other group members. Myside bias exists when
uncompromising individuals are narrow-minded and do not seek objective viewpoints.
Collective unconscious bias occurs when individuals base their personal opinion on a
popular trend, also known as the bandwagon effect. Finally, the Von Restorff effect
occurs when individuals’ perception of probability is distorted by their inclination to
remember severe events; essentially, extreme events are more likely to be recalled
(Hallowell & Gambatese, 2010). Controls to remove the bias from these studies are
shown in Table 3.5 modified from Hallowell and Gambatese (2010).
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Table 3.5 Controls for bias in the Delphi process – modified from (Hallowell &
Gambatese, 2010)
Bias
Dominance

Control / countermeasure
Include reasons in the controlled
feedback
to the Delphi panel for each round

Myside bias

Include reasons in the controlled
feedback and report final risk ratings as a
median

Collective unconscious

Include reasons in the controlled
feedback and report final risk ratings as a
median
Separate probability and severity
questions; include reasons in controlled
feedback; and conduct multiple round
surveys

Von Restorff effect

To counter the common forms of bias present within interacting groups of panelists,
this Delphi study included multiple rounds of feedback in the form of simple statistical
summaries (median, minimum, and maximum range) and reasons. Median values, as
opposed to mean values, are used in the feedback process because the median is less
likely to be influenced by outlying responses or biased results. The reasons feedback
consisted of quoted explanations from participants with outlying responses from previous
rounds. Literature shows that Delphi panels provided with explanations and statistical
summaries were more accurate than Delphi panels that were provided with only simple
statistics (Best, 1974).
Hallowell (2009) and other Delphi researchers recommend the use of randomization
as a control to ensure every subset of the population has an equal chance of being
selected. The randomization of the question order is a proven method for eliminating the
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primacy and contrast biases. Primacy refers to the effect of an unconscious assignment
of importance to initial questions; essentially, an individual is more likely to assign a
greater importance to questions at the beginning of the Delphi survey than at the end.
According to Hallowell and Gambatese (2010), the contrast bias is present when “the
perception of a given subject is enhanced or diminished by the value of the immediately
preceding subject.” Although randomization helps remove these forms of bias, it was
determined that question randomization may confuse the participants and distract them
from the purpose of the question. Additionally, the time put forth in randomizing each
questionnaire to be unique for every participant would delay the Delphi process and
extend the total amount of time between each round. Due to these reasons, it was
determined that addressing primacy and contrast bias was not beneficial to the outcome
of the study.
3.8.2. Consensus determined by average deviation from the median
The main objective for the Delphi process is to measure and achieve consensus of
opinions among an expert panel. To measure consensus, Hallowell and Gambatese
(2010) recommend the use of absolute deviation rather than standard deviation since it
measures variability in response about the median instead of the mean. Mean values are
more likely to be influenced by outlying responses or biased results and should not be
used as a measurement criteria. The variation in responses was calculated using the
following equation (Eq. 3.1):
Average Deviation from Median =  [ |  −  |] (Equation 3.1)

59

In this study, the researcher set the goal of achieving consensus when the absolute
deviation was within +/-10% deviation about the median. A detailed discussion on
consensus achieved for this study can be found in the following chapters.
3.9. Administering the Delphi surveys
The Delphi studies for wildfire and flood were each conducted over a three month
period with approximately two to three weeks dedicated to each survey round. Response
deadlines were set at the beginning of each round and determined by time sensitive
research goals; however, to ensure adequate response rate in some cases, deadlines were
extended to attract additional participants. Increased lag time between rounds may cause
expert participants to lose interest in the study. Therefore, in the flood Delphi study,
certain rounds advanced with an undesirable amount of expert participants. The
following sections provide detailed accounts of the wildfire and flood Delphi process.
3.9.1. Wildfire expert qualification and round one surveys
On March 13, 2012 a solicitation email was distributed to 34 potential wildfire
experts with three attached documents: (1) the expert qualification survey – to objectively
confirm their status as an expert; (2) the Delphi round one survey – to collect their expert
opinion on how wildfires affect a home; and (3) the definitions supplement – to clarify
the meanings of common terms used throughout the survey. Potential experts were
identified in several ways. Individuals that were contacted show active participation on
wildfire related committees and conferences such as the International Association of Fire
Chiefs and the Wildland Urban Interface conference. They also have published literature
related to wildfires, or have an academic reputation within the field of wildfires.
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By March 25th, eighteen participants completed the expert qualification survey and
the Delphi round one survey, yielding an impressive response rate of 53%. Experts were
qualified based on characteristics that define an individual as an “expert” such as years of
professional experience, primary or secondary writer of refereed journal articles, faculty
member at an accredited institution, member or chair of a national recognized committee,
and professional registration such as Professional Engineer (PE), Licensed Architect
(AIA), and Certified Forester (SAF). All eighteen participants possessed enough
academic and/or professional experience to be qualified as an expert in the field of
wildfire.
3.9.2. Wildfire round two survey
The results from the Delphi round one survey were summarized in the form of simple
statistics (median and range of responses) and reported back to the participants on April
6th in the Delphi round two survey as feedback. A multiple round survey was used to
decrease the variability of the responses by having expert panelists consider anonymous
opinions of others in an unbiased setting. As indicated earlier, the goal of this study was
to evaluate group consensus about the correct value. Therefore, expert panelists were
encouraged to review the results from the previous round and consider revising their
previous responses. Participants who chose to keep their response greater than one point
away from the median were required to provide an explanation for their outlying
response. This is required in order to provide feedback that informs panel members of the
opinions and explanations of other anonymous expert panelists. Studies have shown
Delphi panels that were provided with explanations and statistical summaries were more
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accurate than Delphi panels that were provided with only simple statistics (Best, 1974).
By April 16th all eighteen participants responded to the Delphi round two survey.
3.9.3. Wildfire round three survey
The third and final round of the Delphi process was distributed to the participants on
April 29th. The purpose of the Delphi round three survey was to provide the participants
with a final opportunity to change their responses, if desired, given the statistical
summaries from Round Two and explanations for outlying responses for each category.
The third round survey concluded the Delphi process for this study and sixteen of the
initial eighteen participants responded by May 16th. The results from the final round of
the Delphi survey are summarized in Appendix E. Additionally, the following chapters
will present the results and analysis of consensus for this Delphi study.
3.9.4. Flood expert qualification and round one surveys
On June 1, 2012 a solicitation email was distributed to 100 potential flood experts
with three attached documents: (1) the expert qualification survey – to objectively
confirm their status as an expert; (2) the Delphi round one survey – to collect their expert
opinion on how floods affect a home; and (3) the definitions supplement – to clarify the
meanings of common terms used throughout the survey. Potential experts were identified
in several ways. Individuals that were contacted showed active participation on flood
related committees and conferences such as Floodplain Management Planning
committees and FEMA’s National Flood Conference. They also have published literature
related to floods, or have an academic reputation related to floods.
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By June 11th, eleven participants completed the expert qualification survey and the
Delphi round one survey, yielding a low response rate of 11%. Experts were qualified
based on characteristics that define an individual as an “expert” such as years of
professional experience, primary or secondary writer of refereed journal articles, faculty
member at an accredited institution, member or chair of a national recognized committee,
and professional registration such as Professional Engineer (PE), Licensed Architect
(AIA), and Certified Floodplain Manager (CFM). All eleven participants possessed
enough academic and/or professional experience to be qualified as an expert in the field
of flood.
3.9.5. Flood round two survey
The results from the Delphi round one survey were summarized in the form of simple
statistics (median and range of responses) and reported back to the participants on June
20th in the Delphi round two survey as feedback. A multiple round survey was used to
decrease the variability of the responses by having expert panelists consider anonymous
opinions of others in an unbiased setting. As indicated earlier, the goal of this study was
to evaluate group consensus about the correct value. Therefore, expert panelists were
encouraged to review the results from the previous round and consider revising their
previous responses. Participants who chose to keep their response greater than one point
away from the median were required to provide an explanation for their outlying
response. This is required in order to provide feedback that informs panel members of the
opinions and explanations of other anonymous expert panelists. Studies have shown
Delphi panels that were provided with explanations and statistical summaries were more
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accurate than Delphi panels that were provided with only simple statistics (Best, 1974).
By June 29th seven of the eleven participants responded to the Delphi round two survey
yielding a response rate of 63%.
3.9.6. Flood round three survey
The third and final round of the Delphi process was distributed to the participants on
July 31th. The purpose of the Delphi round three survey was to provide the participants
with a final opportunity to change their responses, if desired, given the statistical
summaries from round two and explanations for outlying responses for each category.
The third round survey concluded the Delphi process for this study all seven remaining
participants (from the initial eleven) responded by August 23th. The results from the final
round of the Delphi survey are summarized in Appendix E. Additionally, the following
chapters will present the results and analysis of consensus for this Delphi study.
3.10. Proposed methods to measure validity and reliability
In addition to obtaining original Delphi data, this research also seeks to measure the
validity (accuracy) and reliability (consistency) of all major findings using alternate
research techniques. The two main goals of the validation process are to determine if the
data collected from the Delphi process accurately represents the behaviors found in the
real world and to confirm the replicability of the data. Testing the validity and reliability
of results are necessary steps in a research study to determine if further research is
needed. Additionally, this phase confirms or denies the applied research method as an
accurate technique for collecting data.
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This research aims to study real world settings by using strategically designed
qualitative surveys to quantify vulnerability relationships between a house, its
surroundings, and an assumed natural hazard. Therefore, the extent to which the Delphi
research results can be applied to real world settings is the main validity concern for this
study. Measuring the accuracy of how experimental findings reflect natural behavior in
the real world is testing a study’s descriptive or ecological validity. Confirming the
ecological validity for this study proves to be a difficult task due to monetary constraints
and unpredictable real world scenarios.
The ideal scenario for measuring the ecological validity of this study is to test ReScU
on several homes before and after a natural hazard and compare the resiliency score to
the actual damage. For results to be considered ecologically valid, ReScU must identify
vulnerable elements of a home before an event; then during the event, the home must
experience damage to these same elements. Essentially, ReScU must performed as it is
designed to for the results to be valid. Due to time constraints and the unpredictability of
the next natural hazard, this method of testing ecological validity is unrealistic. Although
ecological validity is still a concern, transferability will be tested to determine whether
the results can be generalized to other persons, places, or times. The Mann-Whitney U
test, which compares two sets of ordinal data using non-parametric statistics, is
implemented to measure the transferability of the results.
Reliability measures the extent to which research results can be replicated upon
repeated trials of the study (Trochim, 2006). One of the main reliability concerns on this
study is inter-rater reliability which refers to the amount of agreement between two or
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more raters using the same assessment tool. For this study, inter-rater reliability is
measured by comparing the Delphi results to secondary data obtained from a separate
group of qualified experts. Further discussion on the measurement of validity and
reliability is presented in the Chapter Six.
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4. CHAPTER FOUR: RESULTS
The purpose of this chapter is to present and discuss the research findings from
implementing three rounds of the Delphi method for the wildfire and flood hazards. The
structured processes for qualifying expert panelists and achieving group consensus are
described in detail. Vulnerable house elements and site conditions are identified through
analyzing consensus using the median expert responses with the corresponding mean
absolute deviation (MAD) values. Group consensus is achieved when absolute deviation
about the median is less than +/-10% deviation. The results presented within this chapter
show how the wildfire study converges within the target consensus over three rounds of
the Delphi process; while the flood study concludes with a MAD value slightly greater
than the target consensus. Potential explanations for this difference are offered within
this chapter and analyzed within Chapter Five.
4.1. Wildfire survey summary
The Delphi wildfire study was conducted over a three month period (March – May
2012) with approximately two to three weeks dedicated to each survey round and initial
expert qualification. Since the Delphi process for this study involved an introductory
survey and three rounds of data collection, this section is divided into four subsections:
expert qualification survey results, Round 1 results, Round 2 results, and Round 3 results.
The significant aspects of all three rounds are identified and summarized. Round 3
results are analyzed in detail within Chapter Six as these results represent the final
consensus of the expert panel and the final results of the Delphi process. Additionally, the
Round 3 results are tested and analyzed for validity and reliability in Chapter Six.
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4.1.1. Eighteen qualified wildfire experts were selected
A challenge for all group activity, such as committees, panels, and teams is the
formation of an effective group dedicated to solving the given problem (Linstone &
Turoff, 1975). Although this challenge is not unique to the Delphi process, the selection
of a diversely qualified expert panel is vital to the success of the study and validity of the
results. Linestone and Turoff (1975) recommend experts with a diversity of perspectives
to facilitate respectable controversy over research topics. Also, diverse perspectives may
generate better performance and increase interest in the study (Murphy, et al., 1998).
To overcome this challenge, an expert qualification survey was used to identify and
quantify the potential experts’ professional, academic, and research experience related to
wildfires. As indicated in Section 3.9.1, potential experts were identified by contacting
individuals that participate on wildfire related committees and conferences, have
published literature related to wildfires, or have an academic reputation within the field of
wildfires. These individuals were contacted via email and through face-to-face
interaction with the research team.
Eighteen of the 34 individuals contacted agreed to participate and completed the
expert qualification survey. All eighteen of these individuals met the qualification criteria
to be considered an expert within wildfire. The individual and collective characteristics
of the wildfire expert panel are presented in Table 4.1 and Table 4.2.
.
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Table 4.1 Wildfire expert panel characteristics – modified from (Hallowell, 2008)
ID

State

Country

WF1
WF2
WF3
WF4
WF5
WF6

CA
MT
TX
CA
NM
MA

US
US
US
US
US
US

WF7

TX

US

WF8
FL
WF9
OR
WF10 MA
WF11 GA
WF12
ID
WF13 MT
WF14 BC
WF15 WA
WF16 NSW

US
US
US
US
US
US
CA
US
AU

WF17

SC

US

WF18

FL

US

Years
PeerTerminal Academic
Conf.
Industry reviewed
Licensure
Degree
Position
Present.
exp.
Journals
B.S.
Lecturer
32
32
23
3
B.S.
26
4
B.S.
Lecturer
22
30
9
23
12
5
2
3
Assoc.
20
3
Assoc.
M.S.
32
3
20
2
Prof.
5
5
2
B.S.
Lecturer
36
8
M.S.
10
13
50
B.S.
5
2
B.S.
29
15
1
30
4
10
1
19
3
4
39
Ph.D.
Lecturer
43
10
50
Assist.
Ph.D.
14
30
60
Prof
25
1

Table 4.2 Summary of wildfire Delphi panel characteristics – modified from (Calhoun,
2010)
Panel characteristics related to wildfire
Number of professional registrations / licenses
Number of years professional experience
Number of conference presentations
Chairman or member of a committee
Number of peer-reviewed journal articles
Number of current/former faculty members
Number of books or chapters
Panelists holding an Assoc. degree
Panelists holding a B.S. degree
Panelists holding a M.S. degree
Panelists holding a Ph.D. degree
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Total
37
410
289
44
94
6
11
1
10
3
2

Table 4.1 and Table 4.2 show a diverse expert panel with a wealth of experience
related to wildfire. Three countries, eleven different states, and every major geographical
region of the United States are represented in the expert panel. Six of the panelists (33%)
have held positions within academia while nearly all (94%) reported numerous years of
industry experience. One significant characteristic of the panel is the combined 410 years
of industry experience within wildfire which averages out to be approximately 23 years
of experience per expert. It is important to note that of the original eighteen participants,
sixteen (89%) completed all three rounds of the Delphi process. Such a strong
participation rate can be related to the emergence of a “lead expert” who helped the
researcher solicit additional responses. The significance of the lead expert’s role as it
relates to participation rate is discussed further in Section 5.2. After the expert
qualification stage, the Delphi process advanced to the first round of the wildfire surveys.
4.1.2. Delphi wildfire results
The purpose of the Delphi surveys was to collect expert opinion on three related
matters: (1) how different site conditions affect the probability and severity of a natural
hazard; (2) how the vulnerability of house elements are affected by varying perils and
threat levels; and (3) how the severity of losses in a home vary depending on specific
hazard conditions. The development and design of the survey is discussed within
previous Section 3.8. Each expert provided 60 weightings per round for each of the three
rounds.
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4.1.2.1.

Target consensus not achieved in Round 1

In Round 1, the expert panelists were given three main questions in the form of six
matrixes referred to hereafter as questions (1.1, 1.2, 2.1, 2.2, 2.3, and 3.1). Within each
questions, ten categories were provided for the panelists to assign a weighting. For
questions 1 and 2, experts were asked to use a 0 to 8 scale to indicate the weight they felt
best answered the question. A score of 0 represented “low influence” while a score of 8
represented “high influence.” For question 3, experts were asked to indicate the
percentage they felt best answered the question with responses varying from 0% to 100%
in 10% intervals. An example of the Round 1 survey is found within Appendix B.
In addition to the Round 1 survey, expert panelists were also provided with a
definitions page to clarify the meanings of common terms used throughout the survey.
The provided definitions page can be found within Appendix A. Clarification of
questions and concerns were addressed in between rounds to the entire panel instead of
responding individually to each participant. This helps eliminate bias and allows all
participants to receive an equal amount of guidance and clarification from the Delphi
survey facilitator.
Eighteen expert participants completed the first round survey. The median values for
each question represent the results of the first round. As discussed in Section 3.8.1,
median values rather than means were used to minimize the effects of biased responses.
The variation of the responses represents the confidence level in the median and is
calculated by finding the absolute deviation from the median using Equation 3.1. Table
4.3 presents the median values from Round 1. As expected, a wide variety of responses
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were collected which yielded higher values for absolute deviations for Round 1. The
average of all of the absolute deviations from Round 1 was 1.17 units or +/- 12.6%
deviation. Since the MAD value is greater than +/-10% deviation, the objective of the
remaining two rounds is to reduce the variation in the expert responses.
4.1.2.2.

Target consensus not achieved in Round 2

The survey questions and format are identical to the first round, except now the
participants are given the statistical results of the first round along with their previous
first round responses. Figure 4.1 depicts an example entry form given to the expert panel.
The yellow box indicates the median score from round one and the dark grey boxes
indicates the minimum and maximum range scores from Round 1. The “X” indicates the
participants’ previous response from Round 1. Figure 4.1 is provided as an example; the
median, minimum, maximum, and previous responses vary for each category of each
question on the Round 2 survey form.
Low influence
0
1
2

3

4

5

High influence
6
7
8

X

Figure 4.1 Example second round response entry form given to experts
Another difference between the Round 1 and Round 2 Delphi processes was the type
of response collected. In addition to the weightings for each category, participants were
encouraged to provide explanations for any outlying responses (i.e. weightings). An
outlying response was considered to be a Round 2 response that remains greater than one
unit away from the median score. Therefore, in Figure 4.2, any response less than or
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equal to “2” or greater than or equal to “6” is considered to be an outlying response. An
example of the complete Round 2 survey is found within Appendix C. This form is
representative of all Round 2 surveys except all of the previous responses are unique for
each separate panelist.
Low influence
0
1
2

3

4

X

5

High influence
6
7
8
X

Figure 4.2 Example of outlying response
Participants were requested to consider the median, minimum, and maximum scores
from Round 1 and reconsider their previous Round 1 responses given the collective panel
statistics. Although many of the expert participants elected to adjust their Round 1
responses, the median responses from Round 2 were identical to those from Round 1 for
every category and question (shown in Table 4.3). This is due to the fact that all experts
who adjusted responses between rounds 1 and 2 chose to move their response closer to
the group median; this consequently changed the deviations between rounds 1 and 2. The
average of all of the absolute deviations from Round 2 was 0.96 units or +/- 10.3%
deviation from the median. Although the target consensus was not met, the lower Round
2 deviation indicates that the expert panel is slowly merging towards a group consensus.
This improved deviation was achieved in part by the fact that all eighteen of the qualified
experts participated in both Round 1 and 2. To meet the target consensus and provide
additional feedback to the expert participants, the third and final round of the Delphi
survey was administered.
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4.1.2.3.

Target consensus achieved in Round 3

The purpose of Round 3 is to provide the expert panelists with a final opportunity to
review the survey questions and reconsider their previous responses. Feedback in Round
3 was presented in two forms: (1) statistical results from Round 2 including median,
minimum, and maximum scores, and (2) anonymous explanations for outlying Round 2
responses. To ensure anonymity throughout the Delphi process, experts were randomly
assigned identification numbers which accompanied their explanations during the
explanation feedback. Therefore, experts can differentiate between opposing
explanations but do not have access to information that releases the true identity of other
panelists. This effectively eliminates the dominance bias which occurs when one or more
panelists show control over the discussion and ratings of other panelists through vocal or
overriding characteristics. Along with an identification number, each explanation
includes a descriptor that indicates the relationship between the expert’s response and the
group median score. For example, +2 indicates the expert’s previous score was two
above the median while -2 indicates the previous score was two below the median.
Figure 4.3 depicts an example of a Round 3 survey form.
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Figure 4.3 Example Round 3 response form
None
one of the median values changed for all three rounds even though many of the
experts chose to adjust their responses from Rounds 2 to 3. Although this is not
uncommon for Delphi studies, the potential reasons for the consistent medians are worth
discussing.
iscussing. A possible reason for the constant median scores throughout all three Delphi
rounds could be because, when electing to adjust their previous scores, none of the
experts moved their response away from the medians. All adjustments were moved
towards
ards the median scores and towards an ultimate group consensus. Expert responses
that move toward the median are not enough stimuli to initiate a change in the median
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scores between rounds. In order for any change in the median to occur (without default
participants), experts must elect to make adjustments that move across the median value
and not just towards the median value (Dalkey N. C., 1969). The median responses for
Rounds 1, 2, and 3 are shown in Table 4.3 below while the mean average deviations
(MAD) for question and round are displayed in Figure 4.4.
Table 4.3 Delphi wildfire survey results
1.1. How do the following site conditions influence
the likelihood a wildfire threatening a home?
History of wildfire occurrences
Sloped terrain
Setback of slope from house
Temporary weather
Typical weather
Proximity to ignitable structures
Proximity to grass fields
Proximity to light brush & small trees
Proximity to dense brush & large trees
Proximity to timber harvesting residue

Round 1
Median

Round 2
Median

Round 3
Median

6
7
7
7
5
7
6
7
7
6

6
7
7
7
5
7
6
7
7
6

6
7
7
7
5
7
6
7
7
6

1.2. How do the following site conditions influence
the severity a wildfire threatening a home?
History of wildfire occurrences
Sloped terrain
Setback of slope from house
Temporary weather
Typical weather
Proximity to ignitable structures
Proximity to grass fields
Proximity to light brush & small trees
Proximity to dense brush & large trees
Proximity to timber harvesting residue

Round 1
Median

Round 2
Median

Round 3
Median

5
7
7
7
6
7
6
7
7
6

5
7
7
7
6
7
6
7
7
6

5
7
7
7
6
7
6
7
7
6
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2.1. When embers are the primary threat, how
vulnerable are the following house elements?
Roof covering
Roof with debris
Soffit, overhang, and/or eave material
Vents (attic, foundation, eaves, etc.)
Exterior wall covering
Windows, doors, and skylights
Open foundation
Closed foundation
Attachments (decks, fences, etc.)
Survivable space

Round 1
Median

Round 2
Median

Round 3
Median

7
8
6
7
5
6
7
2
6
4

7
8
6
7
5
6
7
2
6
4

7
8
6
7
5
6
7
2
6
4

2.2. When convective flames are the primary threat,
how vulnerable are the following house elements?
Roof covering
Roof with debris
Soffit, overhang, and/or eave material
Vents (attic, foundation, eaves, etc.)
Exterior wall covering
Windows, doors, and skylights
Open foundation
Closed foundation
Attachments (decks, fences, etc.)
Survivable space

Round 1
Median

Round 2
Median

Round 3
Median

6
7
7
6
6
6
6
2
7
6

6
7
7
6
6
6
6
2
7
6

6
7
7
6
6
6
6
2
7
6

2.3. When radiant heat is the primary threat, how
vulnerable are the following house elements?
Roof covering
Roof with debris
Soffit, overhang, and/or eave material
Vents (attic, foundation, eaves, etc.)
Exterior wall covering
Windows, doors, and skylights
Open foundation
Closed foundation
Attachments (decks, fences, etc.)

Round 1
Median

Round 2
Median

Round 3
Median

5
7
6
5
6
6
6
1
6

5
7
6
5
6
6
6
1
6

5
7
6
5
6
6
6
1
6
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Survivable space
3.1. In your opinion, approximately what
percentage of the time will a house be a total loss if
wildfire causes…
… the roof covering to ignite
… the roof debris to ignite
… the soffit and/or eave materials to ignite
… flames/embers to enter the exterior vents
… the exterior wall covering to ignite
… flames/embers to enter windows, doors, and
skylights
… flames/embers to burn beneath the open
foundation
… flames/embers to burn next to the closed
foundation
… the attachments to ignite
… structures in the survivable space to ignite
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5

5

5

Round 1
Median

Round 2
Median

Round 3
Median

80%
70%
80%
80%
70%

80%
70%
80%
80%
70%

80%
70%
80%
80%
70%

90%

90%

90%

90%

90%

90%

50%

50%

50%

70%
60%

70%
60%

70%
60%

Question 1.1
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Question 3.1

Question 1.2

Question 2.3

Question 2.1

Question 2.2
Round 1

Round 2

Round 3

Figure 4.4 Mean absolute deviation values for wildfire Delphi study
As shown in Figure 4.4, the expert panel came closer to achieving consensus after
each round, even though the median scores remained the same throughout all three
Delphi rounds. The average of all of the absolute deviations from Round 3 was 0.76
units or +/- 8.2% deviation from the median. Therefore, the target consensus of +/- 10%
deviation or less from the median was achieved within Round 3 of the Delphi process.
Although the average absolute deviation decreased between Rounds 2 and 3, greater
than a third (36.7%) of the individual absolute deviations increased from Round 2 to
Round 3. This is due to the fact that two of the eighteen expert panelists did not complete
Round 3 (a total of sixteen expert panelists completed all three rounds of the Delphi
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wildfire survey). Early round responses from the two drop-outs helped contribute to the
median; therefore, not receiving their Round 3 responses increased the deviation for
certain categories. This was not considered detrimental to the results for three reasons:
(1) the average absolute deviation continuously decreased after all three rounds and
ultimately concluded within the target consensus, (2) the Round 1 and 2 responses from
the defaulted experts were still included within the study, and (3) literature and previous
Delphi recommend a minimum of eight qualified experts for a Delphi panel. A further
discussion of the results from the Delphi wildfire study can be found in the following
chapter.
4.2. Flood survey summary
The Delphi flood study was conducted over a three month period (June – August
2012) with approximately two to three weeks dedicated to each survey round and initial
expert qualification. Since the Delphi process for this study involved an introductory
survey and three rounds of data collection, this section is divided into four subsections:
expert qualification survey results, Round 1 results, Round 2 results, and Round 3 results.
Round 3 results are analyzed in detail within Chapter Six as these results represent the
final consensus of the expert panel and the final results of the Delphi process.
Additionally, the Round 3 results are tested and analyzed for validity and reliability in
Chapter Six.
4.2.1. Eleven qualified flood experts were selected
The selection of a qualified expert panel is an important step in the Delphi process to
increase validity of the results and rigor of the research method. Similar to the wildfire
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Delphi study, a qualification survey was used to identify and quantify the potential
experts’ professional, academic, and research experience related to flood. As indicated in
previous Section 3.9.4, potential experts were identified by contacting individuals that
participate on flood related committees and conferences, have published literature related
to floods, or have an academic reputation related to floods.
Only eleven of the 100 individuals contacted agreed to participate and completed the
expert qualification survey. This was considered to be enough participants to proceed
with the study since the literature recommends anywhere between eight and sixteen
expert panelists (Hallowell & Gambatese, 2010). However, facilitating the study with an
initially low number of experts is risky due to the uncertainty of participant completion
rates. All eleven participants met the qualification criteria to be considered an expert
within flood events. The individual and collective characteristics of the flood expert
panel are presented in Table 4.4 and Table 4.5.
Table 4.4 Flood expert panel characteristics – modified from (Hallowell, 2008)
ID

State Country

F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11

IN
NC
ID
VA
NJ
KS
MD
NM
MD
NC
DE

US
US
US
US
US
US
US
US
US
US
US

Years
PeerTerminal Academic
Conf.
Industry reviewed
Licensure
Degree
Position
Present.
exp.
Journals
BS
15
15
1
MS
37
10
20
1
Ph.D.
5
1
BS
Lecturer
20
15
40
1
MS
7
12
2
BS
12
3
2
BS
20
10
2
15
1
BS
20
6
1
BS
7
2
10
2
MS
Lecturer
17
5
50
1
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Table 4.5 Summary of flood Delphi panel characteristics – modified from (Calhoun,
2010)
Panel characteristics related to flood
Number of professional registrations / licenses
Number of years professional experience
Number of conference presentations
Chairman or member of a committee
Number of peer-reviewed journal articles
Number of current/former faculty members
Number of books or chapters
Panelists holding an Assoc. degree
Panelists holding a B.S. degree
Panelists holding a M.S. degree
Panelists holding a Ph.D. degree

Total
15
175
166
20
32
2
17
1
10
4
1

Table 4.4 and Table 4.5 depict a diverse expert panel with a wealth of experience
related to flood mostly from industry rather than academia. Nine different states which
include every major geographical region of the United States are represented in the expert
panel. Only two of the panelists (18%) have held positions within academia while all
reported numerous years of industry experience. Four panelists (36%) hold an active
Professional Engineer (PE) license, while all panelists hold a professional license related
to floods. Another significant characteristic of the panel is the combined 175 years of
industry experience within flood events which averages out to approximately sixteen
years of experience per expert. It is important to note that of the original eleven
participants, seven (63.6%) completed all three rounds of the Delphi process. The
significance of this participation rate is discussed in Section 5.2. After the expert
qualification stage, the Delphi process advanced to the first round of the flood surveys.
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4.2.2. Delphi flood results
The purpose of the Delphi surveys was to collect expert opinion on three related
matters: (1) how different site conditions affect the severity of a flood, (2) how different
flood zones (A Zone, Coastal A Zone, and V Zone) affect the vulnerability of each house
element, and (3) how the severity of losses in a home vary depending on the elevation of
the first floor. The development and design of the survey is discussed within Section 3.8.
Each expert provided 55 weightings per round for each of the three rounds.
4.2.2.1.

Target consensus not achieved in Round 1

The format of the Delphi flood survey was slightly different than the wildfire surveys.
Questions covering the probability of a flood event occurring were omitted since the BFE
indicates the water surface elevation resulting from the base flood having a 1-percent
chance of being equaled or exceeded in any given year of each area. In essence,
probability of a flood occurring can be predicted through the level of the BFE.
Three main questions were given to the expert panelists in the form of six matrixes
referred to hereafter as questions (1.1, 2.1, 2.2, 2.3, 3.1, and 3.2). Within question 1.1,
eleven categories were provided for the panelists to assign a weighting. Questions 2.1,
2.2, 2.3, and 3.1 each consist of ten categories, while 3.2 only consisted of four
categories. For questions 1 and 2, experts were asked to use a 0 to 10 scale to indicate
the weight they felt best answered the question. A score of 0 represented “low influence”
while a score of 10 represented “high influence”. A 0-10 scale was chosen for the flood
survey, as opposed to the 0-8 scale used for the wildfire survey, to simplify the statistical
analysis and keep the scale consistent throughout the entire survey. Questions 3 asked
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experts to indicate the percentage they felt best answered the question with responses
varying from 0% to 100% in 10% intervals. An example of the Round 1 survey is found
within Appendix B.
Similar to the wildfire Delphi survey, expert panelists were also provided with a
definitions page to clarify the meanings of common terms used throughout the survey.
The provided definitions page can be found within Appendix A. Clarification of
questions and concerns were addressed in between rounds to the entire panel instead of
responding individually to each participant. This helps eliminate bias and allows all
participants to receive an equal amount of guidance and clarification from the Delphi
survey facilitator.
Eleven expert participants completed the Round 1 survey. The median values for
each question represent the results of Round 1. As discussed in Section 3.8.1, median
values rather than means were used to minimize the effects of biased responses. The
variation of the responses represents the confidence level in the median and is calculated
by finding the absolute deviation from the median using Equation 3.1. Table 4.6 presents
the median values from Round 1. As expected, a wide variety of responses were
collected which yielded higher values for absolute deviations for Round 1. The average
of all of the absolute deviations from Round 1 was 2.12 units or +/- 19.2% deviation from
the median. The MAD value of this round does not achieve consensus thus, the objective
of the remaining two rounds is to reduce the variation in the expert responses.
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4.2.2.2.

Target consensus not achieved in Round 2

Figure 4.5 depicts the response form given to each expert. The yellow box indicates
the median score from round one and the dark grey boxes indicates the minimum and
maximum range scores from round one. Unlike the wildfire survey, now a “█” symbol is
used to indicate the participants’ previous response from round one. This was added so
the facilitator can easily differentiate between responses that remain the same and
response that were adjusted. If the experts decided to adjust a response between rounds,
they were requested to place an “X” in the box that indicated the weight they now feel
best answers the question. Figure 4.5 is provided as an example; the median, minimum,
maximum, and previous responses vary for each category of each question on the Round
2 survey form.
Low influence
0
1
2

3

4

5

High influence
6
7
8

█
Figure 4.5 Example flood second round response entry form given to experts
Participants were requested to consider the median, minimum, and maximum scores
from Round 1 and reconsider their previous Round 1 responses given the collective panel
statistics. Many of the expert participants elected to adjust their Round 1 responses and
26 of the 55 median responses (47%) from Round 1 were adjusted by Round 2 (shown in
Table 4.6). Of these 26 adjustments, only six were greater than one unit away from the
original median from Round 1. Although, many expert participants adjusted their Round
1 responses, all of them elected to move towards the group median scores. Therefore, the
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large number of adjusted medians (47%) between Rounds 1 and 2 is mainly due to the
fact that four of the original eleven expert participants did not complete the Round 2
survey. With only seven expert participants in Round 2, the median scores are heavily
influenced by each participant’s response. The flood Delphi study advanced to Round 3
with seven expert participants due to time requirements and the inability to collect
responses after several attempts of contacting the default expert participants.
Even with four experts who chose to default in Round 2, the deviation of responses
between Rounds 1 and 2 decreased significantly. The average of all of the absolute
deviations from Round 2 was 1.66 units or +/- 15.1% deviation from the median.
Although the average absolute deviation decreased between Rounds 1 and 2, one fifth
(20%) of the individual absolute deviations increased from Round 1 to Round 2. Early
round responses from the four drop-outs helped contribute to the median; therefore, not
receiving their Round 2 responses increased the deviation for certain categories. The
significance of the four defaulted experts is discussed further within Section 5.2.
Although the target consensus was not met, the lower Round 2 deviation shows the
expert panel merging towards a group consensus. To meet the target consensus and
provide additional feedback to the expert participants, the third and final round of the
Delphi survey was administered.
4.2.2.3.

Target consensus not achieved in Round 3

Round 3 provided the expert panelists with a final opportunity to review the survey
questions and reconsider their previous responses. Also, participants received statistical
feedback and feedback in the form of anonymous explanations for outlying Round 2
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responses. Each anonymous explanation included a descriptor to indicate the relationship
between the expert’s response and the group median score. For example, +2 indicates the
expert’s previous score was two above the median while -2 indicates
ndicates the previous score
was two below the median. An example of a Round 3 survey form is shown below in
Figure 4.6.

Figure 4..6 Example flood Round 3 response form
Between Rounds 2 and 3, seven of the 55 (12.7%) median scores adjusted by only
one unit while two of these seven switched back to the original Round 1 median score.
score
There were no other adjustments of the median scores. All seven experts who participated
participat
in Round 2 submitted responses for Round 3; therefore, the only defaults occurred
between Rounds 1 and 2. Of their Round 3 responses, many chose to adjust their
responses from the previous round, yet none of the experts moved their response away
from the medians. All adjustments were moved towards the median scores and towards
an ultimate group consensus. The median responses for Rounds 1, 2, and 3 are shown in
Table 4.6 below while the mean average deviations (MAD) for question and round are
displayed in Figure 4.7.
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Table 4.6 Delphi flood survey results
1.1. How do the following site conditions influence
the severity of a flood threatening a home?
History of flood occurrences
Base Flood Elevation (BFE)
Proximity to floodplain location
Surrounding topography
Soil characteristics
Temporary weather
Typical weather
Man made flood protection systems (e.g. flood
wall)
Natural flood protection systems (e.g. dunes)
Subject to flash flood
Flood velocity
2.1. When rising water is the primary threat in an A
Zone, how vulnerable to damage are the following
house elements assuming the lowest floor of the
house is built at BFE?
Continuous foundation (basement)
Continuous foundation (stem wall or crawlspace)
Monolithic foundation (slab on grade)
Open foundation (pile or pier)
Exterior wall system
First floor enclosures
Doors and windows
Connections (wall-to-foundations)
Connections (wall-to-wall)
Utilities
2.2. When rising water and storm surge are the
primary threats in a Coastal A Zone, how
vulnerable to damage are the following house
elements assuming the lowest floor of the house is
built at BFE?
Continuous foundation (basement)
Continuous foundation (stem wall or crawlspace)
Monolithic foundation (slab on grade)
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Round
1
Median
8
9
9
9
6
8
6

Round
2
Median
8
9
10
9
6
8
6

Round
3
Median
8
9
10
9
6
8
6

8

8

8

8
9
9

9
9
9

9
9
9

Round
1
Median

Round
2
Median

Round
3
Median

8
6
6
2
5
6
5
6
6
7

8
6
6
1
5
5
4
2
2
7

8
6
6
1
5
5
4
2
2
7

Round
1
Median

Round
2
Median

Round
3
Median

8
7
6

8
6
5

8
6
5

1
6
8
7
7
7
7

Open foundation (pile or pier)
Exterior wall system
First floor enclosures
Doors and windows
Connections (wall-to-foundations)
Connections (wall-to-wall)
Utilities
2.3. When storm surge is the primary threat in a V
Zone, how vulnerable to damage are the following
house elements assuming the lowest floor of the
house is built at BFE?
Continuous foundation (basement)
Continuous foundation (stem wall or crawlspace)
Monolithic foundation (slab on grade)
Open foundation (pile or pier)
Exterior wall system
First floor enclosures
Doors and windows
Connections (wall-to-foundations)
Connections (wall-to-wall)
Utilities
3.1. In your opinion, approximately what
percentage of the time will a house be a total loss if
the lowest floor is built at BFE and the actual flood
level is located…
… below BFE
… at BFE
… 6 inches above BFE
… 1 foot above BFE
… 2 feet above BFE
… 3 feet above BFE
… 4 feet above BFE
… 5 feet above BFE
… greater than 5 feet above BFE
… greater than 10 feet above BFE
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Round
1
Median
9
9
9
2
8
9
8
9
8
3
Round
1
Median
10%
30%
30%
50%
50%
70%
80%
90%
100%
100%

1
5
7
4
6
6
6

1
5
7
4
6
6
6

Round Round
2
3
Median Median
9
9
9
2
5
9
3
5
4
3

9
9
9
2
5
9
3
5
4
3

Round Round
2
3
Median Median
20%
30%
40%
50%
60%
80%
90%
100%
100%
100%

20%
30%
40%
50%
60%
80%
90%
100%
100%
100%

3.2. In your opinion, approximately what
percentage of the time will a house be a total loss if
the bottom of the lowest horizontal structural
member is built at BFE and storm surge reached…
… the basement level
… the 1st floor
… the 2nd floor
… greater than the 2nd floor

Round
1
Median

Round Round
2
3
Median Median

30%
60%
100%
100%

30%
70%
100%
100%

30%
70%
100%
100%

Question 1.1
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Question 3.2

Question 2.1

Question 3.1

Question 2.2

Question 2.3
Round 1

Round 2

Round 3

Figure 4.7 Mean absolute deviation values for flood Delphi
As shown in Figure 4.7 above, the expert panel came closer to achieving consensus
after each round, even though many of the median scores changed throughout each of the
three Delphi rounds. The average of all of the absolute deviations from Round 3 was
1.27 units or +/- 11.6% deviation from the median. Therefore, the target consensus of
+/- 10% deviation or less from the median was not achieved within Round 3 of the
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Delphi process. Although the target consensus was not achieved, the researcher
determined that additional rounds of the Delphi process were not feasible due to risk of
defaulting experts from lack of interest. Furthermore, the researcher felt that few (if any)
medians would change with additional rounds of the Delphi process especially since 87%
of the medians were unchanged between Rounds 2 and 3. In addition, previous Delphi
studies found that the results are most accurate after rounds two and three and become
increasingly less accurate after three rounds (Dalkey N. C., 1969). A further discussion
of the results from the Delphi flood study can be found in Chapter Five.
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5. CHAPTER FIVE: ANALYSIS
Currently, there is a lack of information available through historical data identifying
the site conditions and house elements that are most vulnerable to neither wildfires nor
floods, yet it directly applies to the disaster mitigation industry. This information will
allow homeowners, homebuilders, and disaster mitigation professionals to determine
where resilient building techniques become ineffective and costly. The aim of this
chapter is to provide an interpretation of the median values and present the results in a
functional manner for the end-user. Furthermore the results, represented as the Round 3
median values and their absolute deviations, will be integrated into ReScU as the
weighting portion discussed within Section 1.5. Two notable conclusions found within
this analysis are: (1) for wildfire, vulnerable areas can be easily protected with proper
planning and maintenance; and (2) flood perils are difficult to mitigate with retrofit
techniques since permanent site conditions heavily influence the risk of flood damage.
The latter conclusion emphasizes the need to incorporate resilient building techniques
within the design phase specifically focused on building elevation and foundation design.
5.1. Analysis of wildfire Delphi results
One common theme emerged upon analyzing the results from the wildfire Delphi
study: the threats to the most vulnerable site conditions and house elements can be
reduced by the end-user with simple cost effective techniques. Several techniques are
recommended to the end-user to reduce the ignition potential of a residential home. In
regards to the site conditions, the end-user must manage natural fuels and ignitable
structures such as brush, trees, fences, and sheds to beyond the home ignition zone. The
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FLASH Blueprint for Safety (2006) recommends maintaining an ignition resistant buffer
distance of 100 to 200 feet clear of all vegetation and structural fuel that may affect a
home’s ignition potential.
Next, with respect to the house elements, all new and retrofit materials must be
capable of resisting ignition from burning embers and convective flames, especially the
attachments, soffit, and roof covering material. The NFPA (2008) specifies that all
attachments must be clear of combustibles and recommends the installation of skirting or
screening around the deck openings and any open foundation system. Also, the end-user
must maintain a clean roof and gutter system clear of all combustible fuels such as pine
needs and leaves. Finally, the end-user should install metal screens and spark arresters on
all openings including vents, doors, and windows to prohibit burning embers from
entering the home. FLASH (2006) also recommends multi-pane tempered glass to
reduce the potential of breakage by heat.
These recommendations are critical techniques to reduce home ignition potential as
identified by the Delphi study and supported by previous literature. ReScU will
recommend additional mitigation techniques specific to each site condition and house
element.
5.1.1. How site conditions influence the probability and severity of wildfire
damage
Delphi survey Questions 1.1 and 1.2 determine how site conditions such as local
topography, landscaping, weather patterns, and proximity to man-made and natural
protection systems, affect the probability and severity of damages occurred to a
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residential home. Specifically, which site conditions have the greatest influence on
potential damage of a home? The most influential site conditions for probability and
severity is determined through analyzing the median values with their absolute
deviations. Table 5.1 and Table 5.2 show simple rankings of the statistical data with the
high importance categories ranked first.
Table 5.1 Question 1.1 results - site condition influence on probability
How do the following site conditions influence the probability of a
wildfire threatening a home?
Round 3
Absolute
Site condition
Median
Deviation
Proximity to light brush & small trees
7
0.5 (5.6%)
Setback of slope from house
7
0.5 (5.6%)
Proximity to ignitable structures
7
0.56 (6.3%)
Proximity to dense brush & large trees
7
0.56 (6.3%)
Temporary weather
7
0.56 (6.3%)
Sloped terrain
7
0.81 (9.0%)
Proximity to timber harvesting residue
6
0.63 (6.9%)
History of wildfire occurrences
6
0.69 (7.6%)
Proximity to grass fields
6
0.69 (7.6%)
Typical weather
5
1.00 (11.1%)
Table 5.2 Question 1.2 results - site condition influence on severity
How do the following site conditions influence the severity of a wildfire
threatening a home?
Round 3
Absolute
Site condition
Median
Deviation
Proximity to ignitable structures
7
0.50 (5.6%)
Proximity to dense brush & large trees
7
0.50 (5.6%)
Proximity to light brush & small trees
7
0.56 (6.3%)
Temporary weather
7
0.63 (6.9%)
Setback of slope from house
7
0.69 (7.6%)
Sloped terrain
7
0.69 (7.6%)
Typical weather
6
0.69 (7.6%)
Proximity to grass fields
6
0.94 (10.4%)
Proximity to timber harvesting residue
6
1.06 (11.8%)
History of wildfire occurrences
5
0.81 (9.0%)
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The Round 3 median values for each of these questions consisted of a tight range
within 5-7 (on a 0-8 scale). This indicates that each of these site conditions can
significantly influence the probability and severity of a wildfire occurring damaging a
home. The site conditions that posed the greatest influence on probability of a wildfire
threatening a home are proximity to light brush & small trees and setback of slope from
house. The greatest influences on the severity of a wildfire threatening a home are
proximity to ignitable structures and proximity to dense brush & large trees. These two
questions were initially separated during the survey design to eliminate the Von Restorff
effect which occurs when individuals’ perception of probability is distorted by their
inclination to remember severe events (Hallowell & Gambatese, 2010). To incorporate
these results into ReScU and report them in a useful format for the hazard mitigation
industry, the probability and severity categories must be combined. Table 5.3 averages
and organizes the corresponding medians and deviations for each site condition category.
Table 5.3 Combined probability and severity results
How do the following site conditions influence the severity and
probability of a wildfire threatening a home?
Round 3
Absolute
Site condition
Median
Deviation
Proximity to light brush & small trees
7
0.53 (5.9%)
Proximity to dense brush & large trees
7
0.53 (5.9%)
Proximity to ignitable structures
7
0.53 (5.9%)
Setback of slope from house
7
0.59 (6.6%)
Temporary weather
7
0.59 (6.6%)
Sloped terrain
7
0.75 (8.3%)
Proximity to grass fields
6
0.81 (9.0%)
Proximity to timber harvesting residue
6
0.84 (9.4%)
History of wildfire occurrences
5.5
0.75 (8.3%)
Typical weather
5.5
0.84 (9.4%)
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Through analyzing the combined results, six site conditions emerged as high
influence factors on the probability and severity of a wildfire damaging a home. Of these
six site conditions, the three most influential ones that hold the lowest deviation (or
highest confidence level) are non-permanent conditions. In other words, the end-user
may control these conditions by implementing effective mitigation techniques. This
escalates the importance of up-front decision making by homebuilders and resilient
retrofit decision making by homeowners. Proximity to light brush and small trees, dense
brush and large trees, and ignitable structures are all modifiable variables based on proper
planning and landscaping techniques. Conditions such as typical and temporary weather,
history of wildfire occurrences, sloped terrain and setback of slope from house are all
fixed conditions based on the site and location of the home.
5.1.2. Vulnerability of house elements to wildfire perils
The second goal of the Delphi wildfire study was to determine which house elements
are identified as the most vulnerable to wildfire by the experts. The three main wildfire
perils considered within this study are burning embers, radiant heat, and convective
flames. A burning ember is defined as burning needles, leaves, branches and cones that
create embers or firebrands during a wildfire. Radiant heat occurs when there is enough
heat within a close proximity to a flammable object to cause ignition. Convective flames
occur when flames come in contact with the surface of the ignitable structure or home
(NFPA, 2009).
During a wildfire, one, two, or all three of these perils can be present at any given
time. Additionally, each house element interacts with the three perils in various ways.
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For example, a roof covering may be more vulnerable to embers than it is to convective
flames. Historical wildfire and current experimental data do not provide enough
information to draw conclusions on how each house element reacts to the three different
perils. Questions 2.1, 2.2, and 2.3 of the Delphi wildfire survey separate each of these
perils and ask the experts to weigh the vulnerability of each house element to the various
perils. Complete protection from wildfire must account for the worst possible scenario
from each peril; and as a result, ReScU will incorporate the highest vulnerability score
each house element receives for the three wildfire perils.
Table 5.4 displays the combined results from 2.1, 2.2, and 2.3 which indicate that
proper maintenance and planning can easily mitigate risks to the most vulnerable house
elements. Roof and gutter systems, attachments, vents, soffits, and roof covering are all
variable design features with available resilient upgrades or techniques. Several
techniques are recommended to the end-user to reduce the ignition potential of these
house elements. First, the roof and gutter system must be clear of all combustible
materials. Second, attachments, soffits, eaves, and roof covering material should all
consist of fire retardant materials capable of resisting burning embers and convective
flames. Attachments should also include a skirting or screening to protect the area
beneath from burning embers.
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Table 5.4 Questions 2.1, 2.2, and 2.3 combined results
When the three wildfire perils are threatening a home, how vulnerable are the
following house elements?
Round 3
Absolute
House element
Peril
Median
Deviation
Roof with debris
8
0.25 (2.8%)
Embers
Attachments
7
0.44 (4.9%)
Con. Flames
Vents (attic, foundation, eaves, etc.)
7
0.56 (6.3%)
Embers
Soffit, overhang, and/or eave material
7
0.56 (6.3%)
Con. Flames
Roof covering
7
0.75 (8.3%)
Embers
Open foundation
7
0.88 (9.7%)
Embers
Exterior wall covering
6
0.63 (6.9%)
Con. Flames
Windows, doors, skylights
6
0.69 (7.6%)
Embers
Survivable space
6
1.79 (19.8%) Con. Flames
Closed foundation
2
0.67 (7.4%)
Embers
Specifically, the two biggest threats as identified by the experts originate from the
ember and convective flame perils. Although radiant heat is a considerable peril, the
expert median scores for embers and convective flames outweigh radiant heat in all house
element categories. In fact, six of the ten house elements were weighted most vulnerable
to embers than to any other wildfire peril. The remaining four house elements were
governed by convective flames. Additionally, the highest vulnerability score for any
category is held by a roof with debris threatened by the ember peril. As a result,
maintaining a clean and clear roof and gutter system is the most effective way to
eliminate the greatest risk of wildfire damage. Similar to the results and
recommendations from questions 1.1 and 1.2, the offered mitigation techniques are
simplistic and inexpensive methods for reducing the risk of wildfire damage before or
after the design and construction of the home.
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5.1.3. Ignition portals that lead to total losses
Finally, question 3.1 within the Delphi wildfire study achieved the research goal of
understanding the factors that lead to total loss of a house due to wildfire damage.
Essentially, this question addressed how the severity of losses in a home varies depending
on specific hazard conditions. Question 3.1 presented ten ignition scenarios, each
directly related to the house elements from question 2, and requested the experts to
determine approximately what percentage of the time will a house be a total loss if each
ignition scenario occurred. Two explanations added further clarification: (1) experts
must consider each house element as it relates to one another rather than focusing on
building materials and techniques, and (2) experts must assume fire intervention
techniques are not employed. The researcher provided this clarification after several
questions from individual experts regarded building techniques and ability to intervene.
The results from question 3.1 shown in Table 5.5 below identify the building
openings and the area underneath an open foundation as the two ignition portals that are
most likely to result in total losses. These threats can be reduced using simple
intervention techniques such as installing metal screens on all openings including vents,
doors, and windows to prohibit burning embers from entering the home. Additionally,
glass windows, doors, and skylights should be tempered and multi-paned to reduce the
potential of breakage by extreme heat. Furthermore, installing a skirt or screen around
the open foundation will help prevent embers from entering and burning in the open
space.
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Table 5.5 Question 3.1 results
Approximately what percentage of the time will a house be a total loss if wildfire
causes…
Round 3
Absolute
Site condition
Median
Deviation
Flames/embers to enter windows, doors, and skylights
90%
0.38 (3.4%)
Flames/embers to burn beneath open foundation
90%
0.38 (3.4%)
Soffit and/or eave material to ignite
80%
0.50 (4.5%)
Roof covering to ignite
80%
0.63 (5.7%)
Flames/embers to enter the exterior vents
80%
0.63 (5.7%)
Exterior wall covering to ignite
70%
0.81 (7.4%)
Roof debris to ignite
70%
0.88 (8.0%)
Attachments to ignite
70%
0.94 (8.5%)
Structures in the survivable space to ignite
60%
1.20 (10.9%)
Flames/embers to burn next to the closed foundation
50%
1.06 (9.7%)
The range of responses extended between 50%-90% which indicates all ignition
scenarios have a high probability of total losses without employing fire intervention or
mitigation techniques. In other words, once ignition occurs within a home, the risk of
total structural loss is severe and ranges between 50%-90% depending on the origin of
the fire. Focusing mitigation techniques and prevention plans towards the most
vulnerable elements and areas where total loss is almost certain if ignition occurs, will
greatly reduce the risk of wildfire damage.
5.2. Analysis of flood Delphi results
Similar to the previous section for wildfire, the purpose of this section is to provide an
interpretation of the median values and the corresponding absolute deviations. The
information most useful to ReScU and the hazard mitigation industry are the vulnerability
weightings for each site condition and house element. This information is currently
unavailable through historical data even though it is useful to homeowners,
homebuilders, and hazard safety professionals.
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The objective of this section is to analyze the results from the Delphi flood study and
present them in a manner useful to the end-user. The common theme that emerged upon
analyzing the results from the flood Delphi study is nearly opposite of the wildfire theme.
The threats to the most vulnerable site conditions and house elements for floods are not
easily reduced with simple mitigation techniques. Rather, effective pre-construction
planning and design are the best methods for reducing the risk of potential flood damage.
This is mainly because the risk of flood damage is heavily dependent on permanent site
conditions such as Base Flood Elevation, flood zone designation, and proximity to the
flood source. Therefore, the two primary recommendations (Table 5.6) resulting from
the flood results and supported by FEMA are related to allowable foundation types in
flood zones and elevation of the house structure.
Table 5.6 Recommended design considerations for flood zone construction
Design
Slab-on-grade
Basement
Stemwall / Crawlspace
Pile or pier
Lowest floor elevation

A Zone
Not recommended
Not recommended
Recommended
Recommended

Coastal A Zone
Not recommended
Not recommended
Not recommended
Recommended

V Zone
Prohibited
Prohibited
Prohibited
Recommended

≥ 5 feet above
BFE

≥ 5 feet above
BFE

> 5 feet above
BFE

Although code and code-plus building resources recommend building connections
and anchorage, other mitigation techniques such as ensuring wall-to-wall and wall-tofoundation connections were weighed relatively low according to the expert panel.
ReScU will specify and recommend additional mitigation techniques specific to each site
condition and house element.
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5.2.1. How site conditions influence the probability and severity of flood
damage
Question 1.1 purpose was to determine how site conditions affect the severity of
damages occurred to a residential home during a flood event. Specifically, what site
conditions have the greatest influence on potential damage of a home? Unlike the
wildfire Delphi survey, a question regarding probability was not included within the
flood survey. The reason for this is because probability of a flood occurring is already
determined by the BFE. Therefore, the most influential site conditions for severity of
flood damages can be determined by analyzing the median values and the corresponding
absolute deviations for question 1.1 shown below in Table 5.7.
Table 5.7 Question 1.1 results - site condition influence on probability
How do the following site conditions influence the severity of a flood
threatening a home?
Round 3
Absolute
Site condition
Median
Deviation
Base Flood Elevation (BFE)
10
0.57 (5.2%)
Subject to flash flood
10
0.67 (6.1%)
Flood velocity
9
0.33 (3.0%)
Surrounding topography
9
0.67 (6.1%)
Proximity to floodplain location
9
0.83 (7.6%)
Man made flood protection systems
9
0.83 (7.6%)
History of flood occurrences
9
1.00 (9.1%)
Temporary weather
8
0.50 (4.5%)
Natural flood protection systems
8
2.00 (18.2%)
Typical weather
6
1.17 (10.6%)
Soil characteristics
6
1.43 (13.0%)
The third round median values for each of these site condition categories consisted of
a narrow range of four units on a 0-10 scale. The expert panel assigned the highest
weightings to the BFE and subject to flash flooding site conditions. However, with
weightings ranging from 6-10, each category has a high influence on the severity of flood
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damage. Of these eleven site conditions, only one is within the control of the
homeowner, homebuilder, or hazard safety professional: the existence of man-made flood
protection systems. Homes at risk of flood damage should employ levee and floodwall
systems to prevent floodwater from entering a home. Important design features of the
home, such as foundation type and elevation, must account for the site conditions that
heavily influence the severity of flood damage.
5.2.2. Vulnerability of house elements to perils in different flood zones
Because flood perils vary within different flood zones, the second question is
separated into three parts: A zone (2.1), Coastal A zone (2.2), and V zone (2.3). Houses
built in A zone locations are subject to shallow flooding only therefore the primary peril
is rising water. Coastal A zones are similar to A zones but are also subjected to breaking
waves; the primary perils in a Coastal A zones are rising water and storm surge. Finally,
V zones typically have ground elevations that are below the BFE and are primarily
affected by storm surge.
The purpose of this series of questions is to determine which house elements are the
most vulnerable to the various perils of a flood event. Since the FEMA flood zone
categories determine which perils a home is subjected to, there is no need to combine the
results from this question as previously executed in the wildfire study. Table 5.8, Table
5.9, and Table 5.10 display the results from questions 2.1, 2.2, and 2.3 respectively. The
highlighted categories represent the medians that were significantly affected by the
defaulting participants. Implications of these results are discussed below.
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Table 5.8 Question 2.1 results (A Zone)
When rising water is the primary threat, how vulnerable to damage are the
following house elements?
Round 3
Absolute
House element
Median
Deviation
Continuous foundation (basement)
8
1.29 (11.7%)
Utilities
7
1.57 (14.3%)
Continuous foundation (stem wall or crawlspace)
6
1.43 (13.0%)
Monolithic foundation (slab on grade)
6
2.43 (22.1%)
First floor enclosures
5
1.50 (13.6%)
Exterior wall system
5
2.14 (19.5%)
Doors and windows
4
1.14 (10.4%)
Connections (wall-to-foundations)
2
0.43 (3.9%)
Connections (wall-to-wall)
2
0.57 (5.2%)
Open foundation (pile or pier)
1
0.43 (3.9%)
Upon reviewing the results from question 2.1, the closed foundation types, first floor
utilities, and enclosures unsurprisingly received the highest vulnerability weightings to
rising water. However, it is interesting to note the difference between the two continuous
foundation types since the main structural difference between a continuous basement
foundation and a continuous stem wall or crawlspace foundation is the amount of belowgrade space. Continuous basement foundation received a median score of 8 while
continuous stem wall or crawlspace foundation received a score of 6. The difference in
weightings is believed to be for two reasons. First, the depths of basement foundations
are typically greater than crawlspace foundations. This effectively increases the
likelihood of flooding. Second, basements include additional living and storage space
which have a greater potential for increased damages. One expert supports both reasons
within his explanation for an outlying response, “Basements in flood zones invariably are
flooded in BFE or greater events. I include contents damage in my assessment and thus
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stick with a 10.” For these reasons, basement foundations are not recommended for A
zones while stem wall or crawlspace are recommended.
Another interesting characteristic of these results is the low median scores for wall-tofoundation and wall-to-wall connections. Higher values were expected for these house
elements for two reasons. First, current building codes require a continuous load path
from the foundation to the roof; connections between house systems are critical in
assuring a continuous load path is present. Second, within the literature review, the
researcher came across post flood reports and photos which portrayed houses that were
completely lifted off their foundations due to buoyancy and the lack of wall-tofoundation connections. One possible reason for these low median values can be
attributed to the four defaulting participants between Rounds 1 and 2. All four defaults
submitted high Round 1 individual responses for each of the connection categories which
resulted in Round 1 median values of 6. However, without their responses in Round 2,
the median values for the connections categories decreased to 2 and remained there until
the conclusion of the study. Another factor contributing to the low median values was
the outlying explanation of one expert panelist, “I’ve rarely seen connection to
foundation failures in a ‘true’ A-zone. At most, there may be some accelerated corrosion.
Thus, I stick with a 2 on this topic. For same reason I stick with a 1 on wall-to-wall
connections.” Although a “correct” answer does not exist, the validity of the results is
discussed further in Section 6.2.
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Table 5.9 Question 2.2 results (Coastal A Zone)
When rising water and storm surge are the primary threats, how vulnerable to
damage are the following house elements?
Round 3
Absolute
House element
Median
Deviation
Continuous foundation (basement)
8
1.17 (15.6%)
First floor enclosures
7
1.57 (14.3%)
Connections (wall-to-wall)
6
1.14 (10.4%)
Connections (wall-to-foundations)
6
1.14 (10.4%)
Utilities
6
1.86 (16.9%)
Continuous foundation (stem wall or crawlspace)
6
2.14 (19.5%)
Exterior wall system
5
0.14 (1.3%)
Monolithic foundation (slab on grade)
5
2.14 (19.5%)
Doors and windows
4
0.57 (5.2%)
Open foundation (pile or pier)
1
0.43 (3.9%)
The results from question 2.2 were as expected with continuous foundations, first
floor enclosures, and connections receiving the highest vulnerability ratings. The
researcher initially assumed continuous basement foundations would score a high
vulnerability median value within this question since basement foundations are not
recommended for coastal A zones because they are susceptible to scouring, undermining,
and eventual collapsing (FEMA, 2005). One unexpected result from question 2.2 was the
relatively low median value for doors and windows. Doors that open inward and nonimpact resistant windows were initially assumed to be extremely vulnerable to storm
surge yet after three rounds, the expert median value for doors and windows was only a
“4”. Again, the defaulting participants partially contributed to the decrease in median
value from “7” to “4” between Rounds 1 and 2 since their high individual scores greatly
influenced the median in Round 1.
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Table 5.10 Question 2.3 results (V Zone)
When storm surge is the primary threat, how vulnerable to damage are the
following house elements?
Round 3
Absolute
House element
Median
Deviation
Continuous foundation (basement)
9
2.14 (19.5%)
Continuous foundation (stem wall or crawlspace)
9
2.14 (19.5%)
First floor enclosures
9
2.29 (20.8%)
Monolithic foundation (slab on grade)
9
2.29 (20.8%)
Connections (wall-to-foundations)
5
2.29 (20.8%)
Exterior wall system
5
2.43 (22.1%)
Connections (wall-to-wall)
4
1.71 (15.6%)
Doors and windows
3
1.43 (13.0%)
Utilities
3
1.57 (14.3%)
Open foundation (pile or pier)
2
1.29 (11.7%)
The results from question 2.3 display why basement, stem wall, crawlspace, and slabon-grade foundations are all prohibited in V zones. Another noticeable characteristic is
the high absolute deviation value. Not one of the ten house element categories fell within
the target consensus range of +/- 10% deviation from the median. The experts struggled
particularly more on this question to come to a consensus. The mean absolute deviation
for question 2.3 alone was +/- 17.8% while the mean absolute deviation for the entire
flood study was +/- 11.6% (just above the target consensus). Again, the four default
participants play a significant role in the high deviation since four of the ten median
values were significantly changed (by three units or greater) between Rounds 1 and 2.
Section 6.2 discusses a comparison between the Delphi results and results from a
secondary study to fully understand whether the high deviation is caused by the expert
participation rate or the formation of the question.
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5.2.3. Flood levels that lead to total losses
The final questions within the Delphi flood study achieve the research goal of
understanding what flood level typically leads to the total loss of a house. Essentially,
the results from these two questions determine how severity of losses in a home varies
depending on flood zone location, flood level, and flood perils. The major difference
between questions 3.1 and 3.2 is the flood zone and associated flood peril. Question 3.1
addresses A zone and coastal A zone as current building codes require the lowest floor to
be built at BFE or higher to resist the main peril of rising water. Question 3.2 addresses
V zone where codes specify that the bottom of the lowest horizontal structural member
must be built at BFE or higher to resist storm surge. The results from both questions are
displayed below in Table 5.11 and Table 5.12 respectively.
Table 5.11 Question 3.1 results
Approximately what percentage of the time will a house be a total loss if the
lowest floor is built at BFE and the actual flood level is located…
Round 3
Absolute
House element
Median
Deviation
… greater than 10 feet above BFE
100%
1.67 (15.2%)
… greater than 5 feet above BFE
100%
1.67 (15.2%)
… 5 feet above BFE
100%
2.00 (18.2%)
… 4 feet above BFE
90%
1.83 (16.7%)
… 3 feet above BFE
80%
1.67 (15.2%)
… 2 feet above BFE
60%
0.83 (7.6%)
… 1 feet above BFE
60%
0.50 (4.5%)
… 6 inches above BFE
40%
0.67 (6.1%)
… at BFE
30%
0.33 (3.0%)
… below BFE
20%
1.83 (16.7%)
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Table 5.12 Question 3.2 results
Approximately what percentage of the time will a house be a total loss if the
bottom of the lowest horizontal structural member is built at BFE and storm
surge reached…
Round 3
Absolute
House element
Median
Deviation
… greater than the second floor
100%
0.00 (0.0%)
… the 2nd floor
100%
0.00 (0.0%)
… the 1st floor
70%
1.00 (9.1%)
… the basement level
30%
0.67 (6.1%)
The results from question 3.1 and 3.2 reveal the expected pattern where probability of
total loss increases with higher flood and storm surge levels. Although the results are not
surprising, identifying the threshold between total and partial loss is the critical outcome
of this data. Understanding this threshold will allow homeowners, homebuilders, and
hazard mitigation professionals to determine where resilient building techniques become
ineffective and costly. Within an A and coastal A zone, the experts conclude that a total
loss is certain to occur when floodwaters rise to five feet above the BFE. For V zones,
total loss is certain to occur when storm surge reaches the second story of a home.
Hence, focusing resilient efforts above these threshold levels are not recommended due to
the difficulty of preventing total losses during the most extreme conditions.
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6. CHAPTER SIX: VALIDITY AND RELIABILITY
Beyond collecting and analyzing the Delphi results, additional work was done to
enhance the rigor of this research study. The Delphi technique is used as a forecasting
tool to obtain the most reliable consensus of opinion within a qualified group of experts
(Dalkey & Helmer, 1963). Therefore, right or wrong answer does not exist. However,
measuring validity and reliability is crucial for the results to be applicable; especially
when the results of the study have a direct impact on quality of human lives. Using the
median absolute deviation to measure the level of consensus will help evaluate the
validity of the results, but further methods of measurement are necessary. For that reason,
additional efforts were taken to validate the results.
First, the design phase demonstrates rigor through a structured approach
incorporating expert reviewers to create a credible survey. Second, face validity is proven
through the convergence toward consensus which is measured using mean absolute
deviation values and the subjective judgments of experts. Finally, in addition to
performing three rounds of the Delphi process using wildfire and flood experts, this
research also conducted secondary survey studies with two different groups of
participants: (1) a separate group of equally qualified experts, and (2) a group of general
population participants. The difference between the means of the Delphi and secondary
results were compared by implementing Mann-Whitney’s U-test and Spearman’s rank
correlation test. This comparison measures the transferability and inter-rater reliability of
the results.
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6.1. Addressing validity during survey design and data collection
The purpose of validation is to ensure the data collection, analysis, and interpretation
of results adheres to the highest possible levels of quality. Additionally, researchers must
establish credibility through collaboration with industry practitioners (Lucko & Rojas,
2010). Thus, several actions were taken to increase the quality of the methods and collect
valid results.
First, the design and development of the Delphi surveys were greatly emphasized.
The broad-scoped literature review of residential building codes and resilient building
techniques informed the researcher of the necessary questions and categories to include
within the surveys as discussed in previous Sections 3.3 and 3.4. Once the questions
were developed, the first draft was sent to the following Resilient Home Program
members for several iterations of feedback: Clemson University Professor, Dr. Leidy
Klotz, FLASH Senior Vice President of Engineering and Technical Programs, Tim
Smail, U.S. Army Corps of Engineers Research Architect, Tom Napier, North Carolina
State University Associate Professor, Dr. Dave Tilotta, FLASH Chief Operating Officer,
Eric Vaughn who provided several iterations of feedback.
Next, the professionals within the wildfire and flood mitigation industries reviewed
the Delphi surveys. Two expert reviewers that provided revisions to the wildfire and
flood Delphi surveys were retired fire chief and chairman of the Wildland Urban
Interface Mitigation Committee, William May, and Applied Technology Council’s
Director of Wind and Flood Hazard Mitigation Bill Coulbourne, P.E. After multiple
rounds of feedback with a variety of academics and industry practitioners, the researcher
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felt credibility was established and the surveys were ready to be distributed to an at large
population.
To provide further clarification during the data collection phase, a supplemental page
(shown in Appendix A), was provided to the experts that defined common terminology
used throughout the Delphi surveys. Nevertheless, several comments were received from
experts regarding the question formatting and objectives. Although unexpected, this
reaction was reasonable since the questions were deliberately designed to be short and
precise to increase clarity of meaning. All questions and comments were collectively
addressed via email to the entire group of expert participants to further eliminate
uncertainty and equally facilitate the Delphi process,.
Measures to increase validity during the data collection phase included the
aforementioned techniques to reduce bias such as anonymity and controlled feedback.
Previous Section 3.8.1 discusses these techniques in detail.
6.2. Methods for testing validity and reliability
The purpose of the validation method is to collect data that will either confirm or
deny the results obtained during the initial study. Potential techniques for validating
Delphi results include retrospective analysis of archival data, experimental
implementation of the model developed during the original research effort, or alternative
methods of collecting similar data (Hallowell, 2008). As discussed in previous sections,
historical data detailed enough to match the results of this research is currently
unattainable. Additionally, resources, time, and funding are unavailable to conduct full-
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scale experimental studies. Therefore, validation of the Delphi results will occur through
comparison of similar data collected through alternative methods.
Equally important when considering the Delphi results is reliability. Measuring the
reliability will determine the extent to which research results can be replicated upon
repeated trials of the study. Additionally, reliability can determine the reproducibility of
the study by examining if another researcher can arrive at similar results using the same
approach and different participants.
Reliability can be tested for the Delphi method by determining if different groups of
equally competent experts generate similar responses to the same questions. The
similarity can be measured by the correlation between the responses of the different
groups over the same set of questions (Dalkey N. C., 1969). This is known as inter-rater
reliability.
Six comparisons were performed to ensure and measure the validity and reliability of
the results. As displayed in

Table 6.1, these six comparisons measure the face validity, transferability, and interrater reliability for the Delphi results and the research tools and methods. A brief
description of each comparison can be found in the text below
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Table 6.1.

Table 6.1 Six comparisons to measure validity and reliability
Independent
Variable

Dependent
Variable

R1 Delphi MAD

R3 Delphi MAD

R3 Delphi Means

Secondary
Expert Means

R3 Delphi Means

Secondary
General
Population
Means

R3 Delphi Means

Secondary
Expert Means

R3 Delphi Means

Secondary
General
Population
Means

Inter-rater
reliability

Measurement of
correlation between two
separate types of raters

R1 Delphi Means

Secondary
Expert Means

Inter-rater
reliability

Measurement of
correlation between same
number of rounds

Measurement

Purpose

Subjective judgment to
measure the accuracy of
the results
Measurement of the degree
to which the results can be
Transferability
transferred to other
qualified experts
Measurement of the degree
to which the results can be
Transferability
transferred to general
population
Measurement of
Inter-rater
correlation between two
reliability
separate expert raters
Face Validity

*“R” denotes “Round”

First, the mean absolute deviation values are compared between the three rounds of
each of the Delphi studies to measure face validity. Narrow deviations within the later
Delphi rounds show convergence towards the target consensus of +/-10% deviation from
the median and indicate an increased confidence level of the expert panel.
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Second, additional survey data was collected from two different participant groups:
(1) an equally qualified expert group, and (2) a general population group. The major
difference between the Delphi and secondary studies existed within the number of
rounds. To ensure maximum participation in a short period of time, only one round of
survey data was collected for the secondary validation studies. The survey questions
remained identical to the original Delphi study however; the format was changed to an
online survey tool called SurveyMonkey. This was done to decrease the effort required
in a response and create a user-friendly survey. Also, SurveyMonkey allowed for easier
data collection and analysis than the manual entry survey used in the original Delphi
survey.
The Mann-Whitney U test and the Spearman rank correlation coefficient compares
the data sets of Delphi results and the secondary results to measure transferability and
inter-rater reliability respectively. Both measurements are described in detail throughout
the following sections.
6.2.1. Measuring face validity with absolute deviations
Through a series of questionnaires with controlled feedback, the Delphi method is
designed to obtain the most accurate consensus of opinion from a group of qualified
experts (Dalkey & Helmer, 1963). Within this research, absolute deviation was used to
measure group consensus because it analyzes the variability in response about the
median. An absolute deviation value of “0%” means the expert panel agrees 100% in
support of the response and thus, lower absolute deviation values translate to greater
group consensus.
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Delphi literature does not offer direction on the level of deviation that represents
consensus. Hallowell and Gambatese (2010) believe the reason for this is because data
collected for every Delphi study is unique and to claim a certain level of deviation
represents adequate consensus for all studies would be inappropriate. Given the format
of the Delphi process and the structure of the survey questions, the researcher determined
an adequate consensus for this study to be within +/- 10% absolute deviation from the
median.
The absolute deviations calculated during the data collection phase are used to
measure the face validity. This form of validity relies on subjective judgment to measure
the accuracy of the study. One technique to establish face validity is involving subject
matter experts before, during, after, or throughout the research study (Lucko & Rojas,
2010). Because expert involvement is a key feature of the Delphi process, the results are
measured for face validity through active collaboration within each round; experts
provided their opinions (or subjective judgment) in the form of individual responses. The
median values for each question represented the collective judgment of the expert panel.
If experts agreed with the median values, this was supported by a low absolute deviation
value. Therefore, level of consensus measured whether the experts agreed with the
median values and thus determined the face validity of the results. Uncertainty or
disagreement among the experts emphasize areas of concern and identify topics in need
of future research. Figure 6.1 and Figure 6.2 below display the mean absolute deviation
values for each question and their respective round. The figures exhibit how the expert
group converged towards consensus over three rounds of the Delphi study.
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Figure 6.1 Wildfire MAD values showing a narrowing group consensus
Figure 6.1 proves the face validity of the wildfire results showing the convergence
towards deviation values well within the target consensus range. Collectively, the
wildfire results reached an MAD value of 0.76 units or +/- 8.2% deviation. However,
one question on the Delphi survey did not reach the desired level of consensus. Question
2.3, which focused on how vulnerability of house elements to the radiant heat peril,
reached a MAD value of 0.99 units or +/- 11% deviation (1% higher than the target
consensus). The reason for this is believed to be because radiant heat is the least
common peril to cause home ignition; burning embers and convective flames typically
occur before radiant heat during a wildfire. This is also supported by the vulnerability
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data presented in previous Table 5.4 where embers and convective flames were weighted
with a significantly higher influence on vulnerability for all ten of the specified house
elements. Overall, the researcher was satisfied with the collective opinions of the wildfire
panel and the corresponding MAD values, as they fell within the target consensus range
and confirmed the face validity of the results.
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Figure 6.2 Flood MAD values showing a narrowing consensus
In general, the MAD values of the flood results presented in Figure 6.2 are much
higher for each round and represent a less significant level of face validity. These are
surprisingly different scales compared to the wildfire results but follow a strikingly
similar trend of convergence. A unique characteristic that emerges from the flood MAD
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values is the highest uncertainty in responses corresponds with the flood zone with the
highest probability of damage. Question 2.3, which considers the vulnerability of house
elements to storm surge located in a V zone, yielded a deviation of 1.96 units or +/17.8% deviation from the median. This is interesting because as the potential for flood
damage increases, the data exhibits an inverse relationship between the increase of house
element vulnerability weightings and decrease of expert certainty, highlighting a need for
future research.
Overall, the combined deviation value for the entire flood study was calculated to be
1.27 units or +/- 11.6% deviation from the median. Since the target consensus was not
reached, the face validity of the flood results remains uncertain.
One reason for the collective uncertainty is related to the low participation and high
default rates. Only seven of the original eleven expert participants completed all three
rounds of the Delphi survey. According to Linstone and Turoff (1975), the validity of the
results is increased if all expert panelists submit responses throughout the entirety of the
study. Also, since most Delphi studies incorporate between eight and sixteen panelists,
Hallowell and Gambatese (2010) recommend a minimum of eight participants to generate
valid results. With this, the researcher believes the low participation and high default
rates yielded high uncertainty values.
A second reason for the high MAD values throughout the flood study may be because
mitigating flood damage is more challenging than wildfire damage and greater
uncertainty exists within flood mitigation. As discussed in Section 5.2, the characteristics
that greatly influence the severity of flood damages are invariable conditions such as
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location, Base Flood Elevation, and height of the lowest structural member. Whereas for
a wildfire, execution of several mitigation techniques including proper landscaping and
maintenance can significantly reduce the risk of wildfire damage. Figure 6.3 compares
the difference between expert MAD values for the wildfire and flood studies.
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Figure 6.3 Wildfire experts reach a greater consensus for all Delphi rounds
The MAD value comparison between the wildfire and flood Delphi studies shown in
Figure 6.3 portray the different scale yet similar trend of convergence. The converging
trend over three rounds of surveys is attributed to the successful design and execution of
the Delphi process. The difference in scales of MAD values is a topic for discussion and
possible future research.
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Several explanations for the great difference in scales of MAD values are probable.
First, wildfire and floods are two completely unrelated events. The knowledge bases
pertaining to wildfire and flood behavior fluctuate due to frequency of occurrences,
available historical data, experimental studies, and difficulty of obtaining accurate data.
Knowledge also differs between experts and their related specialties. The difference in
scales suggests a greater uncertainty exists within the field of flood as compared to
wildfire. Second, the composition of the expert panels and the participation rates
contribute to the disparity in MAD values. The opinions of a small expert panel (fewer
than eight) are greatly influenced by outlying responses and consequentially generate
higher deviation values. Finally, methodological difference between the wildfire and
flood studies can cause differences in results. The wildfire study had the advantage of
initial face-to-face interaction with the experts and the presence of an expert moderator,
which led to a more clear understanding of research objectives and high participation
rates. This is seen as a major contribution of this research to the Delphi process and is
discussed further within Section 7.1.
6.2.2. Collecting secondary expert and general population data for wildfire
During the validation phase of this research, secondary data was collected from a new
sample of secondary expert participants. The purpose of administering the same survey
to another expert group was to measure two questions: (1) whether the surveys can be
transferable a separate, yet equally qualified expert group, and (2) whether the results
correlate between two separate groups of raters.
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Potential experts were identified using similar methods as the Delphi study described
in previous Section 3.9.1. The individuals that were contacted showed active
participation on wildfire related committees and conferences, have published literature
related to wildfires, or have an academic reputation within the field of wildfires. On
February 13, 2013, a request for participation was distributed to 101 potential experts via
email (these individuals did not include the eighteen participants from the original Delphi
study).
Twelve of the 101 (11.8%) individuals contacted agreed to participate and completed
the online expert qualification and wildfire surveys. All twelve of these individuals met
the qualification criteria to be considered an expert within wildfire. The individual and
collective characteristics of the wildfire expert validation panel are presented in Table 6.2
and Table 6.3.
Table 6.2 Wildfire secondary expert panel characteristics – modified from (Hallowell,
2008)
ID

State Country

WF1
WF2
WF3

CA
CA
BC

US
US
CA

WF4

CA

US

WF5
WF6
WF7
WF8
WF9
WF10
WF11
WF12

CA
FL
CA
WA
NC
SD
ID
MT

US
US
US
US
US
US
US
US

Years
PeerTerminal Academic
Conf.
Industry reviewed
Licensure
Degree
Position
Present.
exp.
Journals
Lecturer
13
6
6
3
BS
30
10
2
Ph.D.
5
7
5
2
Assist.
Ph.D.
9
30
30
Prof.
BS
Lecturer
8
12
4
1
MS
Lecturer
13
2
10
2
MS
30
12
1
Ph.D.
15
5
10
Ph.D.
Full Prof.
6
1
30
2
MS
Lecturer
6
2
7
BS
25
5
15
-
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Table 6.3 Summary of wildfire secondary expert panel characteristics – modified from
(Calhoun, 2010)
Panel characteristics related to wildfire
Number of professional registrations / licenses
Number of years professional experience
Number of conference presentations
Number of peer-reviewed journal articles
Number of current/former faculty members
Number of books or chapters
Panelists holding a B.S. degree
Panelists holding a M.S. degree
Panelists holding a Ph.D. degree

Number
14
190
109
69
7
6
10
7
4

Similar to the original wildfire Delphi expert panel, the secondary expert panel
consisted of a diverse group of experts with a broad range of experience related to
wildfire. Two countries and seven different states are represented in the expert panel.
Seven of the experts (58%) have held positions within academia while all reported five or
more years of industry experience. The panel holds a combined 190 years of industry
experience within wildfire which is equivalent to almost sixteen years of experience per
expert. In comparison to the original wildfire Delphi expert panel, the secondary expert
panel is less in numbers but equally proficient in qualifications.
Additional data was also collected from a sample of general population participants.
The purpose of administering the same survey to a general population group was to
measure two questions: (1) whether the surveys can be transferable across content
knowledge of a subject to a general population group, and (2) whether the results
correlate between two separate groups of raters.
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General population participants were solicited by posting advertisements under the
“volunteers” section of the Craigslist, an online classified advertisement website.
Appendix E provides a sample posting from Craigslist. The postings solicited volunteers
over eighteen in 21 major cities across the U.S., each located in wildfire prone regions.
The intention was to solicit individuals who were interested in the study and understood
the potential benefits to their own community. The Craigslist posting provided the same
survey and resources as the original Delphi wildfire study and over a three month period,
34 individuals participated in the study. Section 6.2.4.1 presents the results from
secondary studies and reports the statistical analysis of the data.
6.2.3. Collecting secondary expert and general population data for flood
Potential experts were identified using similar methods as the Delphi study described
in previous Section 3.9.4. The individuals that were contacted showed active
participation on flood related committees and conferences, have published literature
related to floods, or have an academic reputation related to floods. On February 20,
2013, a request for participation was distributed to 131 potential experts via email (these
individuals did not include the eleven participants from the original Delphi study).
Unlike the original Delphi flood study, a significant amount of experts agreed to
participate in the study. 21 of the 131 (16%) individuals contacted completed the online
expert qualification and flood surveys. All 21 of these individuals met the qualification
criteria to be considered an expert within flood. Table 6.4 and Table 6.5 present the
individual and collective characteristics of the flood expert validation panel.
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Table 6.4 Flood validation expert panel characteristics – modified from (Hallowell,
2008)
ID

State Country

F1

KY

US

F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14

MN
NC
CA
MD
NC
FL
NE
AZ
VA
OK
WI
NE
CT

US
US
US
US
US
US
US
US
US
US
US
US
US

F15

IL

US

F16
F17
F18
F19
F20
F21

LA
AR
NC
DC
IL
DE

US
US
US
US
US
US

Years
PeerTerminal Academic
Conf.
Industry reviewed
Licensure
Degree
Position
Present.
exp.
Journals
Assoc.
Ph.D.
21
13
2
Prof.
MS
15
3
1
BS
12
1
BS
20
1
2
MS
Lecturer
30
4
25
2
Adj. Prof.
30
10
30
1
MS
8
4
10
2
BS
7
2
2
MS
29
5
30
2
MS
30
2
3
30
30
1
MS
15
3
BS
28
2
15
2
MS
13
Assist.
Ph.D.
7
Prof.
10
BS
Lecturer
12
1
BS
15
10
2
MS
10
1
2
BS
26
12
30
1
MS
20
5
25
1

Table 6.5 Summary of flood validation panel characteristics – modified from (Calhoun,
2010)
Panel characteristics related to flood
Number of professional registrations / licenses
Number of years professional experience
Number of conference presentations
Number of peer-reviewed journal articles
Number of current/former faculty members
Number of books or chapters
Panelists holding a B.S. degree
Panelists holding a M.S. degree
Panelists holding a Ph.D. degree
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Number
30
361
226
49
5
16
15
10
2

The secondary flood expert panel consisted of a large group of experts with almost
half (47.6%) holding a Professional Engineering license. Seventeen different states,
which include every major geographical region of the United States, are represented in
the expert panel. Five of the experts (24%) have held positions within academia while
nearly all reported seven or more years of industry experience. The panel holds a
combined 361 years of industry experience within wildfire, which is equivalent to about
seventeen years of experience per expert. In comparison to the original flood Delphi
expert panel, the secondary expert panel is significantly greater in numbers and equally
proficient in qualifications.
General population participants were solicited using the same Craigslist method
described earlier for wildfire. Appendix E provides a sample posting from Craigslist.
The postings solicited volunteers over eighteen in eleven major cities across the U.S.,
each located in a flood prone or coastal region. The intention was to solicit individuals
who were interested in the study and understood the potential benefits to their own
community. The craigslist posting provided the same survey and resources as the
original Delphi flood study and over a three month period, only thirteen individuals
participated in the study. Section 6.2.4.2 presents the results from the secondary studies
and reports the statistical analysis of the data.
6.2.4. Measuring validity and reliability with Mann-Whitney’s U test and
Spearman’s Rho
Previously mentioned above, the Mann-Whitney U test and Spearman’s rank
correlation test were conducted to measure the transferability and inter-rater reliability of
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the results. These two statistical analysis tests were selected because of the type of
statistical data collected in this research. For ranking purposes, experts were given
numerical scales from 0-8 (wildfire) and 0-10 (flood). The degrees of difference between
the values on the scales are arbitrary and vary between each participant. This type of
statistical data is considered ordinal, which includes numerical scores that exist on a
ranking scale.
The Mann-Whitney U test was chosen for its ability to compare two sets of ordinal
data using non-parametric statistics. Similar to the t-test used in parametric quantitative
research, the purpose of the Mann-Whitney U test is to find the statistical difference
between two groups. Mann-Whitney’s U test is most useful when: (1) ordinal data is
collected, (2) the two data groups are independent of each other, (3) the null hypothesis
(H0) states both group distributions are equal, and (4) the alternative hypothesis (H1)
states one distribution is greater than the other (Sheskin, 2003).
To begin the Mann-Whitney U test, all data points from the two groups are first
ranked on one scale and then adjusted for “ties” of mean values. A “tie” exists when two
or more points are equal in value. To adjust for a tie, a weighted average rank is assigned
to each data point. Once adjusted, the ranks are summed for each data set and entered
into Equation 6.1 below where “R1” is the sum of ranks for the first set of data and “n1” is
the sample size.
 =  –

! ( ! #)

%
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(Equation 6.1)

This is repeated for the second set of data. Once “U” is found for both sets, the lesser
“U” value is used to consult a significance table to identify a correlating p-value. If the pvalue is found to be less than or equal to 0.05 (frequently quoted as “statistically
significant”) the null is rejected and the probability that the difference happened by
chance is less likely (Sheskin, 2003). A lower p-value means it is less likely that the
difference between the two samples happened by chance. Therefore, when performing
the Mann-Whitney U test between the Delphi and secondary expert and general
population groups, a p-value greater than or equal to 0.05 is expected. If this expectation
is achieved, then the survey questions favor the transferability to other sample groups of
expert and general population participants.
The reliability of the data was determined using the Spearman’s rank correlation
coefficient. This nonparametric test was chosen due its ability to identify how well the
relationship between two sets of ordinal, nonparametric data can be described (Sheskin,
2003). Specifically, Spearman’s rank coefficient will identify the inter-rater reliability
for the Delphi method. Within this research, the independent variable X is considered to
be the Delphi results and dependent variable Y is the secondary data set (expert or
general population). For the calculation of the Spearman correlation coefficient (ρ), the
data (Xi,Yi) is converted into ranks (xi,yi) and ties are adjusted for using a weighted
average rank similar to the Mann-Whitney U test. Then, the differences in the ranks of
each data point are calculated using Equation 6.2:
& = '& − (& (Equation 6.2)
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Once ranks have been adjusted for, Equation 6.3 below is used to identify the
Spearman’s rank correlation coefficient (ρ) where n is the sample size:
)=1−

+ ∑ -. /
( / 0)

(Equation 6.3)

A Spearman correlation coefficient (ρ) value closer to “1” or “-1”, identifies a strong
relationship or inverse relationship between the two sets of data. Alternatively a ρ value
closer to “0” identifies a weak relationship between the data sets and increased likelihood
the relationship happened by chance (Sheskin, 2003). Therefore, when performing the
Spearman rank correlation test between the Delphi Round 3 and secondary expert results,
a ρ value closer to “1” is expected. A lesser ρ value is expected for the comparison
between the Delphi Round 3 and the secondary general population results since the two
groups vary greatly in content knowledge. The highest ρ value is expected for the
comparison between the Delphi Round 1 and the secondary expert results because this
compares an equal amount of rounds to an equally competent group of participants. If
these three hypotheses are achieved, then the results from the Delphi study can be
considered reliable.
6.2.4.1.

Statistical analysis of wildfire results

Two separate iterations of the Mann-Whitney test were calculated for each question
of the wildfire survey. Within the first iteration, responses from the Round 3 Delphi
experts were the independent variable while responses from the secondary expert group
were the dependent variable. For the second iteration, the independent variable remained
the same, while the dependent variable changed to the responses from the secondary
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general population group. This effectively compares the transferability of the survey
from one group of experts to a separate group of experts and general population
participants. The p-values, which determine if the null hypothesis (H0) is rejected or
accepted, are displayed in Table 6.6. Since the null hypothesis states both group
distributions are equal, a p-value less than or equal to 0.05 rejects the null (H0) in favor of
the alternative hypothesis (H1), that one group distribution is greater than the other. A
highlighted cell in Table 6.6 denotes this. P-values calculated to be greater than 0.05
conclude that the null hypothesis is not rejected. Also, this suggests that sufficient
evidence against the null and in favor of the alternative does not exist, therefore further
research is needed.
Table 6.6 Comparison of Mann-Whitney U test results and median values for wildfire

Questions
1.1: Probability
History of wildfire occurrences
Sloped Terrain
Setback of slope from house
Temporary weather
Typical weather
Proximity to ignitable structure
Proximity to grass fields
Prox. to light brush & small trees
Prox. to dense brush & large trees
Prox. to timber harvesting residue
1.2: Severity
History of wildfire occurrences
Sloped Terrain
Setback of slope from house
Temporary weather
Typical weather

Delphi
Secondary
Secondary
Round
General
Expert
3
Population
Median Median p-value Median p-value
6
7
7
7
5
7
6
7
7
6

8
6
5.5
7.5
5
6.5
4
4.5
6
6

.0522
.4587
.0099
.9608
.9618
.4856
.1494
.0441
.3489
.9188

7
6
5
7
6
8
7
7
7
7

.1184
.1731
.0419
.2379
.2797
.7010
.1277
.1820
.3315
.1866

5
7
7
7
6

6
6
5
8
6

.0606
.0620
.0464
.7849
.7739

7
6
5
7
6

.0229
.1820
.0182
.3022
.7405
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Questions
Proximity to ignitable structure
Proximity to grass fields
Prox. to light brush & small trees
Prox. to dense brush & large trees
Prox. to timber harvesting residue
2.1: Embers
Roof covering
Roof with debris
Soffit, overhang, and eave
material
Vents (attic, foundation, etc.)
Exterior wall covering
Windows, doors, and skylights
Open foundation
Closed foundation
Attachments (decks, fences, etc.)
Survivable space
2.2: Convective flames
Roof covering
Roof with debris
Soffit, overhang, and eave
material
Vents (attic, foundation, etc.)
Exterior wall covering
Windows, doors, and skylights
Open foundation
Closed foundation
Attachments (decks, fences, etc.)
Survivable space
2.3: Radiant heat
Roof covering
Roof with debris
Soffit, overhang, and eave
material
Vents (attic, foundation, etc.)
Exterior wall covering
Windows, doors, and skylights
Open foundation

Delphi
Secondary
Secondary
Round
General
Expert
3
Population
Median Median p-value Median p-value
7
4
.0952
7.5
.2637
6
4
.2197
7
.0569
7
5
.0837
7
.6356
7
6.5
.5146
7.5
.4082
6
6
.7768
7.5
.0630
7
8

6.5
8

.6101
.9264

7
8

.6626
.2230

6

7

.1010

6

.4098

7
5
6
7
2
6
4
6
7
7

7
4.5
4
6
2.5
6
3
6
6
7

.9415
.9042
.0252
.0420
.1676
.8413
.1550
.2681
.1927
.5782

5
6
5
5
3
7
5
7
7
7

.0210
.0568
.1199
.0464
.0523
.3860
.4442
.1377
.8774
.9790

6

6

.7124

6

1.0000

6
6
6
2
7
6
6

6
6
4.5
2
6.5
4
6

.7171
.4297
.2375
.5684
.2955
.1307
.2681

7
7
7
5
8
7
7

.2841
.4991
.6218
.0000034
.3620
.3426
.1377

5
7

4
6

.8317
.1657

5
6

.1646
.3677

6

6

.9613

6

.9341

5
6
6
6

6
6.5
5.5
4

.8394
.6020
.3623
.3399

6
6
6
6

.1161
.6523
.8626
.4068
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Questions
Closed foundation
Attachments (decks, fences, etc.)
Survivable space
3.1: Damage paths
Roof covering to ignite
Roof debris to ignite
Soffit to ignite
Embers/flames to enter vents
Exterior wall covering to ignite
Embers/flames to enter openings
Emb./flame contact open found.
Emb./flame contact closed found.
Attachments to ignite
Survivable space to ignite

Delphi
Secondary
Secondary
Round
General
Expert
3
Population
Median Median p-value Median p-value
1
2.5
.0208
6
.0000039
6
7
.4913
6
.9180
5
3.5
.3210
5
.4129
80%
70%
80%
80%
70%
90%
90%
50%
70%
60%

75%
70%
70%
75%
55%
80%
70%
25%
70%
55%

.2410
.8853
.0686
.1739
.0159
.0004
.0001
.0071
.1260
.9013

80%
80%
80%
80%
80%
80%
90%
55%
70%
80%

.1418
.3988
.2233
.4752
.3208
.0336
.4253
.1022
.6587
.0086

During the first iteration with the secondary expert dependent variable, ten of the 60
(16.6%) categories rejected the null in favor of the alternative hypothesis. Similarly, the
second iteration with the secondary general population dependent variable rejected the
null in favor of the alternative hypothesis nine of the 60 (15%) categories. Furthermore,
five categories (8.3%) rejected the null for both iterations of the Mann-Whitney U test.
Both iterations identified statistically significant differences for the probability and
severity ratings for the setback of slope from house, ember threat to an open foundation,
radiant heat threat to a closed foundation, and the probability of total losses if flames or
embers entered windows, doors, or skylights.
The reason for the differences between the Delphi Round 3 responses and the
secondary expert and general population groups can not be identified without further
research and iterations of the study. However, as shown in Figure 6.4 below, the vast
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majority (84.2%) of the p-values from the secondary expert and general population
groups do not reject the null hypothesis that the distributions between the groups are
similar. This favors the hypothesis that the surveys are transferable to other persons,
places, or times but there is not sufficient evidence to conclude that this is true. Future
research must test alternate hypotheses.
1.0000

.1000
.050
.0100

.0010

.0001

.0000

.0000
p-value Secondary Expert

p-value General Population

Figure 6.4 Mann-Whitney U test results for secondary wildfire data
Additional statistical analysis between the original Delphi study and the secondary
sample groups show conclusive results regarding the reliability of the studies. Three
separate iterations of the Spearman’s rank correlation coefficient test were calculated
using the mean values of each question on the wildfire survey: (1) comparison of Delphi
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Round 3 data to secondary expert data – to measure the correlation between two similar
sample groups; (2) comparison of Delphi Round 3 data to the secondary general
population data – to measure the correlation between two different sample groups; and
(3) comparison
ison of Delphi Round 1 data to the secondary expert – to measure the
correlation between two similar sample groups with the same number of rounds. The
Spearman correlation coefficients for the wildfire studies are compared in Table 6.7 and
graphed on Figure 6.5.
Table 6.7 Spearman’s rank correlation coefficient test results for wildfire
Comparison
Delphi Round 3 vs. Secondary Expert
Delphi Round 3 vs. Secondary General Population
Delphi Round 1 vs. Secondary Expert

Spearman’s
rank correlation
coefficient
efficient (ρ)
(
0.698
0.665
0.725

Figure 6.5 Strong correlations between wildfire studies
For the wildfire study, the Spearman rank correlation coefficients indicate strong
correlations between all three comparisons. Furthermore, the significance level for each
of these coefficients is less than 0.1%, which relates to a 99.9% confidence level that the
correlation has not occurred by chance. Th
This successfully proves a positive inter-rater
inter
reliability relationship for the wildfire study. Therefore, the associations between the
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ranks of each sample group represented a strong correlation. As expected, the
comparison between the Delphi Round 1 and secondary expert data yielded the strongest
correlation coefficient due to two similar variables: equally qualified expert sample
groups measured with one round of surveys. Also, the comparison between the Delphi
Round 3 group and the secondary general population group generated the lowest
correlation coefficient of the three. This is most likely due to the differences in content
knowledge between the two groups. However, only further research can prove that one
variable affects the other with respect to correlation.
6.2.4.2.

Statistical analysis of flood results

Similar to the previously discussed wildfire analysis, two separate iterations of the
Mann-Whitney test were calculated for each of the flood survey. The p-values, which
determine if the null hypothesis (H0) is rejected or accepted, are displayed in Table 6.8
below. Since the null hypothesis states both group distributions are equal, a p-value less
than or equal to 0.05 rejects the null (H0) in favor of the alternative hypothesis (H1), that
one group distribution is greater than the other. A highlighted cell in Table 6.8 denotes
this. P-values calculated to be greater than 0.05 conclude that the null hypothesis is not
rejected. Also, this suggests that sufficient evidence against the null and in favor of the
alternative does not exist, therefore further research is needed.
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Table 6.8 Comparison of Mann-Whitney U test results and median values for flood

Questions
1.1: Severity
History of flood occurrences
Base flood elevation (BFE)
Proximity to floodplain location
Surrounding topography
Soil characteristics
Temporary weather
Typical weather
Man made flood protection
systems
Natural flood protection systems
Subject to flash flooding
Flood velocity
2.1: A zone
Continuous foundation
(basement)
Continuous foundation (stemwall)
Monolithic foundation (slab)
Open foundation (pile or pier)
Exterior wall system
First floor enclosures
Doors and windows
Connections (wall-to-foundation)
Connections (wall-to-wall)
Utilities
2.1: Coastal A zone
Continuous foundation
(basement)
Continuous foundation (stemwall)
Monolithic foundation (slab)
Open foundation (pile or pier)
Exterior wall system
First floor enclosures
Doors and windows
Connections (wall-to-foundation)
Connections (wall-to-wall)
Utilities

Delphi
Secondary
Secondary
Round
General
Expert
3
Population
Median Median p-value Median p-value
8
8
.8359
10
.5978
9
9
.4049
10
.8344
10
8
.1071
9
.5455
9
8
.0349
7
.0992
6
5
.6061
7
.2073
8
6
.0292
8
.9644
6
5
.1730
8
.4260
8
7
.1683
9
1.0000
9

7

.1819

8

.8238

9
9
8

7
9
8

.0544
.3492
.8359

7
9
10

.2624
.4949
.5978

8

7

.3744

10

.1435

6
6
1
5
5
4
2
2
7

6
6
4
6
7
6
6
6
8

.3318
.6110
.0076
.2361
.1142
.0090
.0005
.0003
.1270

9
9
9
9
10
8
10
9
9

.0355
.1123
.0026
.2634
.0776
.0113
.0038
.0068
.1216

8

8

.7039

10

.3084

6
5
1
5
7
4
6
6
6

7
6
5
7
8
7
8
7
8

.0956
.2185
.0025
.0375
.4331
.0158
.0183
.1253
.0090

9
9
8
10
9
7
9
9
10

.0596
.0662
.0010
.0736
.2996
.0069
.0179
.0252
.0934
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Questions
2.3: V zone
Continuous foundation
(basement)
Continuous foundation (stemwall)
Monolithic foundation (slab)
Open foundation (pile or pier)
Exterior wall system
First floor enclosures
Doors and windows
Connections (wall-to-foundation)
Connections (wall-to-wall)
Utilities
3.1 Damage paths – A zones
… below BFE
… at BFE
… 6 inches above BFE
… 1 foot above BFE
… 2 feet above BFE
… 3 feet above BFE
… 4 feet above BFE
… 5 feet above BFE
… greater than 5 feet above BFE
… greater than 10 feet above BFE
3.2 Damage paths – V zone
… the basement level
… the first floor
… the second floor
… greater than the second floor

Delphi
Secondary
Secondary
Round
General
Expert
3
Population
Median Median p-value Median p-value
9

9

.8885

9

.7918

9
9
2
5
9
3
5
4
3

8
8
6
8
9
7
8
7
9

.8471
.7819
.0045
.0055
.8689
.0044
.0116
.0025
.0033

8
8
5
7
6
7
7
7
8

.4850
.4383
.0417
.0695
.3641
.0292
.1717
.0908
.1046

2
3
4
5
6
8
9
10
10
10

1
2
3
4
5
5
7
8
9
10

.4476
.1439
.2824
.1327
.6593
.4424
.6795
.2661
.2748
.8726

6
6
6
6
6
5
5
5
5
6

.1197
.0517
.1294
.6339
.8488
.4778
.2278
.1036
.0728
.0738

3
7
10
10

4
5
10
10

.6366
.7440
.0460
.4798

5
7
7
6

.1015
.8477
.0021
.0154

The noticeable statistical difference between the wildfire and flood Mann-Whitney
test are the large numbers of categories with p-values less than 0.05. During the first
iteration with the secondary expert dependent variable, eighteen of the 55 (32.7%)
categories rejected the null in favor of the alternative hypothesis. Similarly, the second
iteration with the secondary general population dependent variable rejected the null in
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favor of the alternative hypothesis 13 of the 55 (23.6%) categories. Furthermore, ten
categories (18%) rejected the null for both iterations of the Mann-Whitney U test.
The reason for the differences between the Delphi Round 3 responses and the
secondary expert and general population groups can not be identified without further
research and iterations of the study. However, as shown in Figure 6.4 below, the
majority (71.2%) of the p-values from the secondary expert and general population
groups do not reject the null hypothesis that the distributions between the groups are
similar. Even though this favors the hypothesis that the surveys are transferable to other
persons, places, or times, there is not sufficient evidence to conclude that this is true.
Future research must test alternate hypotheses.
1.0000

.1000
.0500
.0100

.0010

.0001
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Figure 6.6 Mann-Whitney U test results for secondary flood data
Additional statistical analysis between the original Delphi study and the secondary
sample groups show conclusive results regarding the reliability of the studies. Similar to
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the wildfire
ire statistical analysis, tthree separate iterations of the Spearman’s rank
correlation coefficient test were
ere calculated using the mean values of each question on the
wildfire survey. The Spearman correlation coefficients for the flood studies are
compared in Table 6.9 and graphed on Figure 6.7 below.
Table 6.9 Spearman’s rank correlation coefficient test results for flood
Comparison
Delphi Round 3 vs. Secondary Expert
Delphi Round 3 vs. Secondary General Population
Delphi Round 1 vs. Secondary Expert

Spearman’s
rank correlation
coefficient (ρ)
(
0.614
-0.048
0.770

Figure 6.77 Mixed correlations between flood studies
For the flood study, the Spearman rank correlation coefficients indicate strong
correlations between the Delphi studies and the secondary expert group but virtually no
correlation between the Delphi Round 3 and the secondary general population group.
Furthermore,, the significance level for the strong correlations coefficients are both less
than 0.1%, which relates to a 99.9% confidence level that the correlation has not occurred
by chance. However, the significance level for the weak correlation is greater than 5%,
which means the correlation is less than 95% reliable.
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Similar to the wildfire study, the comparison between the Delphi Round 1 and
secondary expert data yielded the strongest correlation coefficient due to two similar
variables: equally qualified expert sample groups measured with one round of surveys.
The associations between the ranks of the Delphi and secondary expert sample group
represented a strong correlation; thus, a positive inter-rater reliability relationship for the
flood expert studies exists. However, the weak correlation between the Delphi Round 3
data and the secondary general population data denies inter-rater reliability for the
general population group. In other words, answers provided by the secondary general
population sample group are unreliable. The weak correlation between the two groups is
most likely due to the differences in expert and general population content knowledge.
However, only further research can prove that one variable affects the other with respect
to correlation.
6.3. Validity and reliability summary
The validity and reliability of the wildfire and flood Delphi results were measured
using three separate tests: (1) subjective judgment through mean absolute deviation
values to determine face validity; (2) application of the Mann-Whitney’s U test to
measure transferability; and (3) application of Spearman’s rank correlation coefficient
test to quantify inter-rater reliability. Table 6.10 and Table 6.11 summarize the outcomes
and conclusions of each of these tests.
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Table 6.10 Summary of wildfire validity and reliability conclusions
Independent
Variable

Dependent
Variable

R1 Delphi MAD

R3 Delphi MAD

R3 Delphi Means

Secondary
Expert Means

R3 Delphi Means

R3 Delphi Means

R3 Delphi Means

R1 Delphi Means

Secondary
General
Population
Means
Secondary
Expert Means
Secondary
General
Population
Means
Secondary
Expert Means

Measurement

Conclusion

Target consensus achieved
– face validity confirmed
84% of the categories
favor the null – results are
Transferability
transferable to other
qualified experts
85% of the categories
favor the null – results are
Transferability
transferable to general
population
Inter-rater
Strong correlation between
reliability
two separate expert raters
Face Validity

Inter-rater
reliability

Strong correlation between
expert and general
population raters

Inter-rater
reliability

Strong correlation between
same number of rounds

*“R” denotes “Round”
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Table 6.11 Summary of flood validity and reliability conclusions
Independent
Variable
R1 Delphi MAD

R3 Delphi Means

R3 Delphi Means

R3 Delphi Means

R3 Delphi Means

R1 Delphi Means

Dependent
Variable

Measurement

Conclusion

Target consensus not
R3 Delphi MAD Face Validity achieved – additional
research is needed
67% of the categories
Secondary
Transferability favor the null – additional
Expert Means
research is needed
Secondary
76% of the categories
General
favor the null – results are
Transferability
Population
transferable to general
Means
population
Secondary
Inter-rater
Strong correlation between
Expert Means
reliability
two separate expert raters
Secondary
Weak correlation between
General
Inter-rater
expert and general
Population
reliability
population raters
Means
Secondary
Inter-rater
Strong correlation between
Expert Means
reliability
same number of rounds

*“R” denotes “Round”
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7. CHAPTER SEVEN: CONTRIBUTIONS AND CONCLUSIONS
The purpose of this final chapter is to summarize the general research findings and
provide a basis for further discussions. This is achieved through addressing the topic and
methodological contributions, limitations of the results and research methods, and
potential areas for future research.
7.1. Contributions
Using expert opinions collected through Delphi studies, this research answered the
three main questions identified at the beginning of the study:
1. What are the most vulnerable elements of a residential home to the various threats
of natural hazards such as wildfires and floods?
2. How do site conditions such as local topography, landscaping, weather patterns,
proximity to man-made and natural protection systems, etc. affect the probability
and severity of damages occurred to a residential home?
3. Assuming a natural hazard damages a specific element of a residential house,
what percentage of the time is the house considered a total loss?
The contributions of this study are categorized in three major areas: application,
methodological, and theory. Application of the results into the Resilient Scoring Utility is
the next step towards building the residential resilience rating system. Once ReScU
correctly utilizes the expert weightings, homeowners will recognize the potential impacts
and damages that may occur to their home. In doing so, they will understand the risks
and focus attention towards the appropriate hazard mitigation techniques.
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Additionally, unforeseen methodological contributions emerged from the results of
the wildfire and flood Delphi studies. Slight variations in methodological approaches
between the wildfire and flood studies led to differences between the participation rates,
level of consensus among experts, and validity of results. Therefore, several
recommendations about successful techniques for administering the Delphi method are
offered within this section. By following these recommendations, future Delphi
researchers may benefit from: increased participation rates, decreased attrition rates,
highly motivated expert panelists, and improved validity and reliability of the results.
Finally, in theory, ReScU is designed to promote resilient building education and
technologies.

Educating home owners, builders, and developers about residential

building codes and resilient building techniques is the first step towards improving the
resilience of the existing building stock. Also, the methods used throughout this research
have theoretical contributions towards developing future rating systems. Currently, the
development of rating systems can be influenced by alternative motives such as market
penetration of new technologies and political considerations. The incorporation of
unbiased expert opinion towards the development of ReScU offers a valuable technique
for creating an impartial and accurate rating system.
7.1.1. Application: Incorporating Delphi results into ReScU
The vulnerability weightings collected from the Delphi expert studies will be direct
inputs to the ReScU weighting system. Shown in the example below, each existing house
condition is assigned a predetermined score based on its resilience capability. The scores
are representations of recommendations by current building code and code-plus
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resources. For the building score, the conditions consist of building materials, designs, or
techniques incorporated within the home. Conditions recommended by code-plus
resources have a higher resistance capability and therefore receive a higher score.
Similarly, house systems are given separate weights since they each serve a specific
function and consequentially will respond differently to the effects of natural hazards.
These weights are the direct results of the Delphi expert studies. The purpose of the
weighting portion is to prevent ReScU users from hardening their home in non-relevant
areas. Hence, the underlying principle of the weighting portion is assigning greater
weights to the house elements that are most vulnerable.
Table 7.1 Example of ReScU scoring and weighting for building score
Performance Criteria

The roof covering is
fire resistant

Existing condition

Score Weight

Poor - The roof covering is wood shake

0

Satisfactory - The roof covering is
organic felt asphalt shingles, not fire
rated

3

Good - The roof covering is organic
felt asphalt shingles, fire rated

9

Good - The roof covering is aluminum
shingle

9

Good - The roof covering is steel
shingle or standing seam panel

9

Excellent - The roof covering is clay or
cement tile

10

7

Table 7.1 above shows how resistance capability influences the existing condition
scores for roof covering. Also, this table displays how the expert weighting is paired
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with the house system and not the existing condition. To calculate the ReScU score
associated
ated with the roof covering system, the existing condition score is multiplied with
the house system weighting as shown below in Figure 7.1:

Figure 7.1 Example of R
ReScU roof covering calculation
The example provided above shows how the ReScU score is calculated for the roof
covering
ering system to get a value of 21. This calculation is then repeated for all other
relevant house systems such as wall covering, foundation ttype,
ype, attachments, etc. Once
calculated for all house systems, the scores are combined to generate the total ReScU
Building Score.
A similar process is followed for all site conditions to determine the Threshold Score.
As discussed in Section 1.4, ReScU awards Building Score points for resilient
construction methods and techniques implemented in the home and Threshold Score
points to site surroundings and locations that are more vulnerable to the relevant threat. A
higher Building Score indicates a hardened home while a higher Threshold Score
indicates a greater risk related to the location of the home. To obtain the total ReScU
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score for the specific hazard, the Threshold Score is subtracted from the Building Score
as shown below:
  =

   − ℎℎ  (Equation 1.1)

The main output of ReScU is one comprehensive score that accounts for the specific
site, location, and building techniques implemented on the house. The ReScU Score
provides a common measure to categorize and quantify all resilient building efforts for a
residential home. Among others, the primary benefits of a common measure will be
realized with increased homeowner education, incentivized resilient building techniques,
and widespread introduction of new building methods and codes. The overarching
advantages of ReScU are enhancing the existing residential building stock and increasing
the safety and security of its occupants.
7.1.2. Methodological: Recommendations for expert solicitation, instruction,
and retention
In addition to capturing expert input to measure the vulnerability of residential homes
to natural hazards, this research also offers methodological contributions to the
implementation of the Delphi method. Within this research, a structured process
recommended by Hallowell and Gambatese (2010) was followed for two different Delphi
studies; still, seemingly small differences between the two studies led to significant
variation in results. These differences and their outcomes offer insight towards how to
improve the Delphi research method.
High expert participation rate and low amount of default participants were two
primary characteristics that led to the successful completion of the Delphi wildfire study.
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These two characteristics are attributed to several experimental techniques incorporated
during the expert solicitation phase. Specifically, these techniques included initial faceto-face interaction with potential experts and the surfacing of an expert moderator. This
non-traditional formation of the Delphi panel engaged a highly motivated, diverse,
qualified expert panel that produced valid and reliable results. Since previous Delphi
literature lacks detailed recommendations or guidelines regarding best practices for
expert solicitation, instruction, and retention, the implications from these methods are
valuable contributions to the Delphi process.
Credibility of the Delphi process is highly related to the composition and quality of
the Delphi panel (Linstone & Turoff, 1975). As discussed in previous Section 4.1.1 and
Table 4.1 and Table 4.2, the expert panel possessed a wealth of experience related to
wildfire that average 23 years of professional experience per expert and spanned across
the academic, research, and trade realms. These broad qualifications are contributed to
the interactions with potential experts who were actively serving on the International
Association of Fire Chiefs (IAFC) 2012 Wildland-Urban Interface conference committee.
Face-to-face interactions with these individuals allowed the researchers to effectively
explain the purpose of the study, the overall direction of the research, and the basic
instructions for the Delphi process. This led to a well-informed and highly engaged
expert panel whose initial questions and concerns were addressed in person before the
study began.
Increased participation and interest from wildfire experts can also relate to a “lead
expert”, who emerged from the group and offered to serve as a moderator between the
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participants and the researcher. The purpose of the moderator was to solicit expert
participants for the study and ensure participation throughout all three rounds. Although
this could introduce bias into the study, the researcher justified the role of the moderator
in several ways. First, anonymity was maintained throughout the entire study to remove
unfavorable forms of bias. The participants were aware of others who were involved in
the study, but the researcher never revealed the identity of expert responses and
comments. Second, the moderator served as an excellent resource to access expert
contacts and groups otherwise unknown or unavailable to the researcher. This resulted in
a large group of qualified expert participants who were interested in the outcome of the
study. Finally, since the wildfire study was the first Delphi process facilitated by the
researcher, a moderator was necessary to help assist with the solicitation procedures. In
cases where expert participants failed to submit responses after several reminders, the
moderator would intervene and personally contact these individuals. Notably, the
moderator facilitated high response rates without impacting participant responses by
introducing bias. This was an effective method for obtaining responses from potential
defaults.
Comparatively, the flood Delphi study suffered from low participation compounded
by several default participants. The advantages of the previously mentioned methods of
solicitation were not realized until after the flood Delphi. This allows for an equal
comparison between the two studies to identify effective techniques for soliciting active
Delphi participants.
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Similar to wildfire, the researcher solicited participation through email
correspondence. However, the research team did not establish prior relationships with
the potential experts and consequentially did not brief potential experts on the research
process and goals. This resulted in a small expert panel with a limited view on the broad
scope of the research. Only eleven of the 100 individuals contacted decided to
participation in Round 1 of the Delphi flood study. This low participation rate may be
attributed to lack of expert interest and the tendency to ignore emails from an unfamiliar
person asking to participate in a three round study. Therefore, it is recommended for
future Delphi researchers to build a professional relationship with prospective experts
through face-to-face interactions and modern median correspondence to introduce the
Delphi process and spark interest in participants.
Another explanation for low participation and high default rates may be the
demanding time requirements for the Delphi studies. Experts were asked to provide 55
weightings (10-15 minutes) in each of the three rounds for a total of 165 weightings (3045 minutes). Additionally, they were asked to complete a 10-15 minute expert
qualification survey to begin the study. In total, it was estimated that the time
requirement should be no more than one hour over a two to three month period.
However, according to several expert comments, the time requirements varied for each
expert. Below are a few responses from experts that explain reasons for lack of
participation; the majority being travel and work responsibilities.


“Please find attached my response to your survey. I'll participate in future
surveys as time permits.”
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“I am traveling to a job today but will try and response to this and email you
this evening.”



“If folks are only taking 10-15 minutes to complete this exercise not nearly
enough consideration is being given this exercise. This one took me about an
hour.”



“Travelling the next couple weeks and will not be able to spend any time on it
until that time.”



“I apologize, I have run out of time again this week and I am headed off to
the Structures Congress in Pittsburgh. Thus, I will not be able to participate.”

Although time and travel constraints are out of the researcher’s control, one technique
that may eliminate these two barriers is the use of an online Delphi facilitation tool. The
two Delphi studies administered within this research used the conventional technique of
blank survey forms distributed and submitted through email. Although this technique is
proven and reliable, other methods of enhancing the interactive nature of the process are
available. For instance, the Delphi Decision Aid is a web-based Delphi freeware tool that
helps select experts, develop questions and scales, obtain responses from the experts, and
summarize a report after each round. The use of a web-based tool may reduce the time
requirements and simplify the participation, facilitation, and analysis processes.
7.1.3. Theory: Promoting resilient building education and transferability of
research methods to other rating systems
The residential building industry is continuously evolving as new methods, materials,
and equipment are regularly introduced. Building certification programs such as LEED
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and Green Globes continue to gain a strong influence to promote implementation of new
sustainable and energy efficient techniques. However, with 90% of the U.S. residential
housing stock built before the widespread adoption of residential codes, the need for
updating the existing stock with new building guidelines, standards, and codes is critical
(Diamond, 2001). To keep pace with the rapid growth of building science related
technology, there is a need for a vehicle to disseminate educational tools, enforce existing
building codes, introduce new building codes, and evaluate the existing building stock.
ReScU is designed to achieve each of these tasks through measuring resilient building
efforts and providing a regulatory framework that supports collaboration among
designers, builders, and the end-user.
One theoretical justification stated by Dehring (2006) is that residential codes exist
because homebuyers typically do not possess the technical expertise or knowledge to
assess the structural integrity of the house. The first step towards improving the
resistance of the existing building stock is to educate home owners, builders, and
developers about residential building codes and resilient building techniques. To address
this issue, ReScU assesses the current condition of existing homes and attempts to
quantify the home risk level and resilience capability using an easily interpreted rating
scale. Furthermore, ReScU references internationally accepted building codes and
proven code-plus resources to provide performance-based cost efficient recommendations
for increasing the resistance of vulnerable systems of the home.
In contrast to prescriptive-based criterion, ReScU incorporates performance-based
criterion to promote new resilient building techniques and technologies. Performance-
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based criteria state technical objectives such as “roof covering must be able to withstand
high temperatures and resist ignition from burning embers”; whereas prescription-based
criteria specify a method for achieving an objective such as “roof covering material must
be Class A fire rated asphalt shingles, clay tiles, or copper roofs.” Unlike prescriptive
standards, performance-based criteria offer the advantage of accommodating
technological innovation (Dehring, 2006). Therefore, through using performance-based
criteria, ReScU is designed to adapt for the introduction and implementation of new
technologies. Widespread implementation must prove the value and effectiveness of the
technologies before they can be adopted by the most current and enforced building codes.
Another theoretical contribution is the transferability of the research methods used in
this study towards developing other similar rating systems. Review of existing rating
systems brought attention to the reality that there is no proven or rigorous framework for
developing building rating systems. Additionally, the process in which existing rating
systems select and weight their criteria is not transparent. Rating systems that use
inappropriate analysis criteria and incorrect scoring and weighting schemes can lead to
inaccurate results and a misinformed end-user. Since the public often bases monetary
decisions on the results of these rating systems, the process for developing the rating
systems must be rigorous and the end-results must be accurate. This research defines an
appropriate framework for developing a rating system, its analysis criteria, and weighting
factors for the analysis criteria. Using a systematic method similar to the one presented
in this research to develop other rating systems will lead to more accurate rating systems
across fields.
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7.2. Limitations
Several limitations exist within the applied research method and the format of the
results. Research method limitations are related to the nature of qualitative data
collection methods; while the limitations of the results are associated with using
qualitative methods to collect quantitative data. Further validation studies with a large
number of experts from various content areas needs to be conducted to strengthen the
results of this study. The limitations that influence the research methods and results are
discussed within the following two sections.
7.2.1. Research method limitations
In research studies that implement surveys and questionnaires as the main source of
qualitative or quantitative data collection, significant considerations must be made
towards the wording of the questions, the presentation format of the survey, and the
response techniques (Robinson, 1991). Within this research study, an extensive amount
of effort was placed on the survey design and development of the questions. The survey
was subjected to several group feedback iterations along with internal testing with RHP
team members and a content expert. Additionally, a definitions page was provided to
clarify common terminology used throughout the Delphi survey. Despite these survey
design tactics, experts still presented comments regarding the question formatting and
objectives. Although unexpected, this reaction was reasonable since the questions were
deliberately designed to be short and precise to increase clarity of meaning. To eliminate
uncertainty, all questions and comments were collectively addressed via email to the
entire group of expert participants.
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One disadvantage working against the researchers was learning how to administer the
Delphi process. Although a broad literature review covered articles that suggested
various methods and recommendations for implementing the Delphi process, this did not
eliminate the barriers common to beginners. The Delphi method originally seemed to be
a straightforward process for quantitative research collection. However as the study
advanced the researchers had to adapt and learn in between administering survey rounds.
Therefore, the lessons learned from the wildfire study warranted several of the changes
made between the wildfire and flood studies.
Another limitation of the Delphi process is the characteristics of the Delphi panel.
Methods for qualifying an expert are subjective and rely solely on the previous
experiences of the participants. Expert criteria and qualification standards are determined
strictly by the researcher and may vary greatly. Each panel member must be willing and
able to participate and must have skill in written communication to provide explanations
for outlying responses. It is equally as important that the panel members understand the
scope and objective of the research, treat the work seriously, and devote the appropriate
amount of time to give a detailed and reasoned response (Robinson, 1991). Expert
panelists who do not understand the aim of the research and the Delphi process may
answer inappropriately or lose interest and default and thus impairing the validity of the
results. Ultimately, the results of the Delphi process are only as valid as the opinions of
the expert panel. Therefore, the Delphi results are limited to the knowledge and
experience of the participating experts (Yousuf, 2007). In other words, the group
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consensus is the collective opinion of the expert panel but it may not be representative of
all experts within the same subject matter.
7.2.2. Result limitations
The major limitation of implementing the Delphi method as a forecasting tool is that
Delphi gathers a consensus of group opinion and a right or wrong answer does not exist
in most cases. Yousuf (2007) highlights the disadvantages of forecasting tools by
explaining, “it must also be realized that in areas such as science and technology
forecasting the degree of uncertainty is so great that exact and always correct predictions
are impossible, so a high degree of error is to be expected” (p. 6). This further
complicates the task of measuring the validity and reliability of the results using
secondary data. As shown and discussed in previous Sections 4.1.2 and 4.2.2, two
different yet equally qualified expert panels may produce dissimilar responses; thus
making the repeatability of the results extremely difficult.
One possible reason for a variety of responses from qualified experts may be due to
the limitation of using rating scales to collect quantitative data. This is because numbers
in rating scales generally have meanings but do not have values or quantities. For
example, using a 0-10 scale, one expert may feel that a 10 represents a high score while
another expert may feel that 7 or higher corresponds to a high score. Therefore,
individual perspectives may cause participants to interpret rating scales differently than
others.
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7.3. Future research
To assure a potential impact on the existing residential building stock, future research
must cover a broad scope including concepts that support the development of a historical
damage database, collection of additional data from full-scale controlled experiments,
testing of ReScU on residential buildings, and expanding it to other natural hazards.
7.3.1. The need for historical and experimental data
During the beginning stages of this research, three separate methods for answering
the research questions were considered: (1) retrospective analysis of archival data, (2)
analysis of experimental data, and (3) alternative qualitative methods of collecting similar
data. As discussed in previous sections, detailed historical data describing the cause and
effect of natural hazards and their perils is currently inexistent. Additionally, resources,
time, and funding are unavailable to conduct full-scale experimental studies. Therefore,
future research must include measures to fill these two gaps in knowledge.
One opportunity for future research is to compile detailed post-hazard assessment
data into a comprehensive database. This must begin with reconsidering the type and
process of data collection. Currently, publicly available data is reported in terms of
number of houses destroyed and amount of property damage incurred. This does not help
researchers determine how or why certain homes failed under hazardous conditions.
Therefore, post-hazard assessments of the affected communities must collect rigorous
data that draws conclusions about the cause of residential home damage. Essentially, the
researchers must perform an autopsy on the home to answer questions such as: “Where
did the hazard first inflict damage to the home? What were the site conditions that led to
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the home being affected? Why did this house fail under the hazard conditions while
neighboring houses didn’t?” Answers to such questions will greatly enhance the
understanding of the relationship between residential homes and natural hazards.
Additionally, another worthy method for future research is to collect experimental
data with available resources and funding. Building and studying model homes as they
are subjected to the perils associated with wildfire and flood events can achieve this
method. Similar ongoing research at the IBHS Research Center in Chester County, South
Carolina simulate and test various types of realistic storms on full-scale one and twostory residential and commercial building specimens and systems. Pursuing future
experiments within this realm and cross-referencing the results with historical damage
data will help fill critical gaps in knowledge.
7.3.2. Testing ReScU on real-world conditions
Since this research aims to study real-world settings, the extent to which the Delphi
results can be successfully applied to actual homes is a concern for future research.
Because naturally occurring hazards are unpredictable over extended periods of time,
effectively measuring how experimental findings reflect natural behavior is a challenge
for this research. However, real-world testing and validation is a necessity for
widespread adoption of ReScU.
To measure ecological validity, ReScU should be tested on a multitude of homes
before a natural hazard. After an event occurs, a comparison between the ReScU Score
and actual house damage will confirm if the system works as intended. This will also
help identify areas that need to be adjusted due to unforeseen real-world conditions.
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7.3.3. Other hazards to include within ReScU
The two studies conducted within this research focus on perils associated with
wildfire and flood hazards. To increase the application of ReScU, the system must
account for other natural hazards such as high winds, seismic vibrations, hail, and debris
flow. The research framework described throughout this report can be applicable to all
natural hazards that can be mitigated. Currently, a third Delphi study is being conducted
to collect expert opinions for wind perils such as cyclonic winds (tornadoes), straight-line
winds (hurricanes) and air-borne debris. After developing the weighting and scoring
system for wildfire, flood, and high wind event, ReScU will be able to account for the
most commonly occurring natural hazards throughout the United States.
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Appendix A: Expert Qualification Surveys & Definition Supplements
Note: The Qualification Survey design and format is modified from Matthew
Calhoun’s research at the University of Colorado (Calhoun, 2010).

DELPHI WILDFIRE EXPERT QUALIFICATION SURVEY
Tuesday, March 13, 2012
Using Expert Input to Measure the Vulnerability of Disaster Mitigation Techniques Used
in Residential Homes
Introduction
This research is a part of the Resilient Home Program (RHP) which is a federally funded
partnership between government, academia, and private and non-profit organizations
working to improve the lives of homeowners following natural disasters. As a part of this
program, we are evaluating sustainable and resilient mitigation techniques for homes
susceptible to natural disasters and investigating how these techniques are affected by
continuously evolving building code criteria. Furthermore, we are developing a
framework to measure the vulnerability of disaster mitigation techniques for residential
homes. This research relies on input from industry professionals and academic experts
through interviews and online-based surveys. Ultimately, the results will influence the
weighting and scoring portion of the Resilience Scoring Utility system (a resilient home
rating system currently being developed by the RHP).
Purpose
This 10-15 minute introductory survey is to collect background information used to
determine your status as a wildfire expert based on your previous experiences.
Directions
Please answer the following questions using a Microsoft Word format. When you
finish answering all of the questions please save your work and email your response
to ccattan@clemson.edu by March 25th.
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PERSONAL INFORMATION
Name
Current employer
Job Title
City
State
Country

PROFESSIONAL EXPERIENCE IN WILDFIRE
Please show your approximate number of years experience in the wildfire industry
Position
Approximate Number of Years
Chief
Deputy Chief
Associate Chief
Regional Forester
Deputy Regional Forester
Forest Supervisor
Deputy Forest Supervisor
District Ranger
Supervisory Forestry
Technician
Forestry Technician
Other (please specify)
Please indicate any professional licensure/certification
Licensure or
Please place an “X” where appropriate
Certification
NAFRI – S590
NAFRI – S520
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PROFESSIONAL EXPERIENCE IN WILDFIRE
NAFRI - NFML
NAFRI – S620
NAFRI – M-581
NWCG – P-410
NWCG – L-480
NWCG – S-420
NWCG – S-404
SAF – Certified Forester
Other (please specify)
Please list any committees that you have been or are a member of
Please mark an “M” for member of this committee
Committee Name
and/or a “C” for chairman (past or present) of this
committee

RESEARCH/EDUCATION EXPERIENCE IN WILDFIRE
Please list the degrees that you have earned from accredited institutions of higher
education
None
Associates
Bachelors
Masters
Doctorate
Please show your approximate number of years in academia
Position
Approximate Number of Years
No position in academia
Lecturer
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RESEARCH/EDUCATION EXPERIENCE IN WILDFIRE
Assistant Professor
Associate Professor
Professor
Other (please specify)
Please indicate your publishing and conference activity in the field of safety
Activity
Approximate Number
Publications in peer
reviewed journals
Books or book chapters
Conference presentations
Trade publications
Other (please specify)
This open-ended section is designated for any experience that helps to qualify you as
an expert that cannot be classified in a previous category.
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WILDFIRE DEFINITIONS
I.

Potential wildfire threats to a home
A. Embers – An ember is defined as burning needles, leaves, branches and
cones that create embers or brands in a “blizzard” during a wildfire. Burning
embers land on combustible materials on the home or enter the home
through vents and other openings. Conduction from firebrands and embers
occurs when there is sufficient heat for a long enough time to conduct heat
from the surface of a wall to the interior.1
B. Convective flames – Convection occurs when flames come in contact with
the surface of the ignitable structure or home. Convective flames are fueled
by combustible material (e.g., grass, pine needles, dry lleaves,
eaves, woodpiles,
furniture, doormats) on or immediately adjacent to the home.1
C. Radiant heat - Radiation occurs when there is enough heat close enough to a
flammable object to ignite it. Radiated heat from burning vegetation or
structures may ignite a home’s roof, siding, decks or porches, or breaks
windows, allowing ignition of the interior of the home.1

Figure 1: The three main wild fire threats to a home2
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II.

Site Conditions that influence the likelihood of home damage due to wildfire
A. History of wildfire occurrence – The history of wildfire occurrence takes
into account the quantity, frequency, and severity of wildfire incidents that
previously affected the location being assed.
B. Sloped terrain – The slope of the terrain refers to the topography of the
surrounding land and how the building’s location on the slope relates to
potential exposure to a wild fire.3
C. Setback of slope from house –Setback refers to the distance between the
building and the top of a slope. Setback is associated with buildings located
on or near the top of a slope; therefore, a building located on the side of a
slope does not have a setback distance.1
D. Temporary weather –Short periods of extreme or rare weather conditions
not typical to the area being assessed. Temperature, humidity, precipitation
and wind are all factors affecting the intensity and spread of fire.
E. Typical weather – The general climate and weather conditions that are
common to the area being assessed. Temperature, humidity, precipitation
and wind are all factors affecting the intensity and spread of fire.
F. Proximity to ignitable structures – Ignitable structures are defined as any
man-made structure built with combustible materials. Nearby structures
and neighboring properties may be considered ignitable structures that
could impact the ignition zone of the property being assessed.3
G. Proximity to grass fields – Light vegetation such as grass fields, forbs,
sawgrasses, and tundra. 3
I. Proximity to light brush & small trees – Medium vegetation such as light
brush and small trees. 3
J. Proximity to dense brush & large trees – Heavy vegetation such as dense
brush, timber, and hardwoods. 3
K. Proximity to timber harvesting residue – Slash vegetation such as timber
harvesting residue, logs, chunks, bark, branches, stumps, and broken
understory trees or brush. 3
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III. Building elements that are susceptible to wildfires

A. Roof covering - The exterior roof cover or skin of the roof assembly (e.g.,
shingles, tiles, slate, metal panels, roof membrane).4
B. Roof debris – Roof debris consists of all ignitable material trapped in roof
valleys, vents, and gutters.
C. Soffits, overhangs, and eaves –Eaves are located at the down-slope edge of
a sloped roof and serve as the transition between the roof and fascia/wall. An
eave typically has a metal edge flashing and gutter that are attached to a
wood fascia trim board. Overhangs are extensions of the roof beyond the
exterior wall (i.e., the joists, rafters, or trusses and the decking they support
cantilever past the wall). Overhangs can be open, in which the
trusses/rafters and decking are exposed, or enclosed by a soffit. A soffit
encloses the underside of sloped or flat-roof overhangs. Soffits are commonly
constructed from fiber-cement panels, metal panels, stucco, vinyl panels, or
wood sheathing.4
D. Vents – Vents are defined as restricted openings that provide airflow
between the exterior and interior of the house. Vents can be divided into
those for attics; ventilated cathedral ceilings; crawlspaces; and heating,
ventilation, and air conditioning systems. 4
E. Exterior wall covering – The exterior wall covering is installed over the
sheathing and house wrap and protects the house from the exterior
environment.
F. Windows, doors, and skylights – Windows, doors, and skylights are
defined as any openings in the building envelop that can be opened to allow
ventilation and access or closed to exclude the exterior environment.
Windows, doors, and skylights make up most openings in the building
envelop.
G. Open foundation – Elevating a building on an open foundation involves
raising it onto piles or piers so that the bottom of the first-floor framing is
several feet above-grade. Piles and piers are typically constructed of
concrete, masonry, timber, or steel. 4
H. Closed foundation – In a closed foundation, the foundation wall extends
from the footing to the first floor around the perimeter of the building. The
foundation wall is typically a load bearing wall. The below-grade portion is
typically constructed of concrete or masonry, but preservative-treated wood
can also be used. The above-grade portion may also be constructed of
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concrete or masonry, or it may be a stud wall (commonly referred to as a
“cripple wall”). The foundation wall encloses a basement, a crawlspace, or
the soil below a slab-on-grade. 4
I. Attachments – Attached structures include decks, balconies, porches, stairs,
and ramps. .
J. Survivable space – The area around a specific structure and associated
accessory structures, including all vegetation that contains potential ignition
sources and fuels. 3

________________________________________________
1
Definition adapted from the National Fire Protection Agency’s (NFPA) 2009
publication titled “Safer from the Start: A Guide to Firewise-Friendly Developments”
2
Definition adapted from the Federal Alliance for Safe Homes (FLASH) 2006
publication titled “Blueprint for Safety Contractor's Field Manual”
3
Definition adapted from the NFPA 1144 2008 publication titled “Standard for Reducing
Structure Ignition Hazards from Wildland Fire”
4
Definition adapted from the Federal Emergency Management Agency’s (FEMA) 2008
publication titled “Home Builder’s Guide to Construction in Wildfire Zones”

168

DELPHI FLOOD EXPERT QUALIFICATION SURVEY
Friday, June 1, 2012
Using Expert Input to Measure the Vulnerability of Disaster Mitigation Techniques Used
in Residential Homes
Introduction
This research is a part of the Resilient Home Program (RHP) which is a federally funded
partnership between government, academia, and private and non-profit organizations
working to improve the lives of homeowners following natural disasters. As a part of this
program, we are evaluating sustainable and resilient mitigation techniques for homes
susceptible to natural disasters and investigating how these techniques are affected by
continuously evolving building code criteria. Furthermore, we are developing a
framework to measure the vulnerability of disaster mitigation techniques for residential
homes. This research relies on input from industry professionals and academic experts
through interviews and online-based surveys. Ultimately, the results will influence the
weighting and scoring portion of the Resilience Scoring Utility system (a resilient home
rating system currently being developed by the RHP).
Purpose
This 10-15 minute introductory survey is to collect background information used to
determine your status as a wildfire expert based on your previous experiences.
Directions
Please answer the following questions using a Microsoft Word format. When you
finish answering all of the questions please save your work and email your response
to ccattan@clemson.edu by Monday, June 11th.

PERSONAL INFORMATION
Name
Current employer
Job Title
City
State
Country
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PROFESSIONAL EXPERIENCE IN FLOOD
Please show your approximate number of years experience in the flood industry
Position
Approximate Number of Years
Plans examiner
Zoning technician
Building
inspector/engineer
Floodplain manager
Hazard mitigation
manager
Permit clerk / technician
Emergency manager
Environmental technician
Public works manager
Sanitation engineer
Professional Engineer
(PE)
Professional Architect
(AIA)
Other (please specify)
Please indicate any professional licensure/certification
Licensure or
Please place an “X” where appropriate
Certification
FEMA Certified
Floodplain Manager
(CFM)
FEMA Plans Examiner
FEMA Inspector
FEMA Certified Building
Official
Other (please specify)
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PROFESSIONAL EXPERIENCE IN FLOOD
Please list any committees that you have been or are a member of
Please mark an “M” for member of this committee
Committee Name
and/or a “C” for chairman (past or present) of this
committee

RESEARCH/EDUCATION EXPERIENCE IN FLOOD
Please list the degrees that you have earned from accredited institutions of higher
education
None
Associates
Bachelors
Masters
Doctorate
Please show your approximate number of years in academia
Position
Approximate Number of Years
No position in academia
Lecturer
Assistant Professor
Associate Professor
Professor
Other (please specify)
Please indicate your publishing and conference activity in the field of safety
Activity
Approximate Number
Publications in peer
reviewed journals
Books or book chapters
Conference presentations
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RESEARCH/EDUCATION EXPERIENCE IN FLOOD
Trade publications
Other (please specify)
This open-ended section is designated for any experience that helps to qualify you as
an expert that cannot be classified in a previous category.
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FLOOD DEFINITIONS
I. Site Conditions that influence the likelihood of home damage due to flood
A. History of flood occurrence – Takes into account the quantity, frequency,
and severity of flood incidents that previously affected the location being
assessed.
B. Floodplain – “The area inundated by the Base Flood; includes the floodway
and the floodway fringe (Hudson 2009).”
C. Surrounding topography – Refers to the slope of the terrain of the
surrounding land and how the building’s location on the slope relates to
potential exposure to a flood.
D. Soil characteristics
1. Allowable bearing capacity – “The maximum safe load that can be
placed on a soil, typically measured in pounds per square foot (psf)
(Hudson 2009).”
2. Scour potential – “Indicates risk of localized erosion around a
foundation (Hudson 2009).”
3. Permeability (k) – “The rate in which water can flow through the soil;
typically measured in feet per day (ft/day) (Hudson 2009).”
4. Shrinkage and swell potential – “Indicates the potential for soils to
contract or expand based on water content (Hudson 2009).”
E. Temporary weather –Short periods of extreme or rare weather conditions
not typical to the area being assessed.
F. Typical weather – The general climate and weather conditions that are
common to the area being assessed.
G. Base Flood Elevation (BFE) – “The water surface elevation resulting from
the base flood having a 1-percent chance of being equaled or exceeded in any
given year, commonly referred to as the ‘100-year flood’ (FEMA 2008).”
H. Flood velocity – “The speed of a flood in a given direction normally
expressed in feet per second (fps). Flood velocity can be obtained from the
Flood Insurance Study, historic flood data, or hydraulics and hydrology
studies of the site (Hudson 2009).”
II. Building elements that are susceptible to flood
A. Lowest floor – “The lowest floor of the lowest enclosed area of a building,
including a basement. Any NFIP-compliant unfinished or flood-resistant
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enclosure usable solely for parking of vehicles, building access, or storage (in
an area other than a basement) is not considered a building’s lowest floor,
provided the enclosure does not render the structure in violation of the
applicable design requirements of the NFIP (FEMA 2008).”
B. Open foundation – Elevating a building on an open foundation involves
raising it onto piles or piers so that the bottom of the first-floor framing is
several feet above-grade. Piles and piers are typically constructed of
concrete, masonry, timber, or steel (FEMA 2008)
C. Closed foundation – In a closed foundation, the foundation wall extends
from the footing to the first floor around the perimeter of the building. The
foundation wall is typically a load bearing wall. The below-grade portion is
typically constructed of concrete or masonry, but preservative-treated wood
can also be used. The above-grade portion may also be constructed of
concrete or masonry, or it may be a stud wall (commonly referred to as a
“cripple wall”). The foundation wall encloses a basement, a crawlspace, or
the soil below a slab-on-grade (FEMA 2008).
D. Utilities – Refers to the mechanical, electrical, and plumbing systems in a
residential house.
III. Potential flood threats to a home
A. Rising water – Includes both hydrostatic and hydrodynamic forces.
1. Hydrostatic forces – “The horizontal hydrostatic forces against a structure
are created when the level of standing or slowly moving floodwater on
opposite sides of the structure are not equal. Flooding can also cause vertical
hydrostatic forces, resulting in flotation. Rapidly rising floodwaters can also
cause structures to float off of their foundations. If floodwaters rise slowly
enough, water can seep into a structure to reduce buoyancy forces (FEMA
2006).”
2. Hydrodynamic forces – “Moving floodwaters create hydrodynamic
forces on submerged foundations and buildings. These hydrodynamic
forces can destroy solid walls and dislodge buildings with inadequate
connections or load paths. Moving floodwaters can also move large
quantities of sediment and debris that can cause additional damage
(FEMA 2006).”
B. Storm surge – “Water that is pushed toward the shore by the combined force of
the lower barometric pressure and the wind-driven waves advancing to the
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shoreline. This advancing surge combines with the normal tides to create the
hurricane storm tide, which in many areas can increase the sea level by as much
as 20 to 30 feet (FEMA 2006).”
IV. Types of flood zones
A. A Zone – Areas subject to shallow flooding only, where potential for breaking
waves and erosion is low. “In these areas, buildings are subject to flooding
conditions similar to those in riverine A zones (FEMA 2006).”

B. Coastal A Zone – Areas subject to breaking waves and erosion during the base
flood. “In these areas, buildings are subject to flooding conditions similar to, but
less severe than, those in V zones. These areas can be subject to breaking waves ≥
1.5 feet high (which can destroy conventional wood-frame and unreinforced
masonry wall construction) and erosion (which can undermine shallow
foundations) (FEMA 2006).”
C. V Zone – Areas subject to increased flood, breaking waves, floodborne debris and
erosion hazards during the base flood (FEMA 2006).

REFERENCES
FEMA (2006). U.S. Department of Homeland Security. Recommended Residential
Construction for the Gulf Coast.
FEMA (2008). U.S. Department of Homeland Security. Flood Damage – Resistant
Materials Requirements for Buildings Located in Special Flood Hazard Areas in
accordance with the National Flood Insurance Program.
Hudson, Christopher A. (2009). "Flood Retrofit Techniques." National Hurricane
Conference, Austin, TX, April 9, 2009.
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Appendix B: Delphi Round One Surveys
Note: The Delphi survey design and format is modified from Matthew Calhoun’s
research at the University of Colorado (Calhoun, 2010).

DELPHI ROUND ONE WILDFIRE SURVEY
Tuesday, March 13, 2012
Purpose
The purpose of this 10-15 minute survey is to collect your expert opinion on (1)
how different site conditions affect the probability and severity of a wildfire, (2)
how different wildfire threats (embers, convective flames, and radiant heat) affect
the vulnerability of each house element, and (3) how the severity of losses in a home
vary depending on which house element is affected. All responses will be
anonymous.
Directions
Using a Microsoft Word format, please answer the following questions by placing an
“X” in the box that indicates the weight you feel best answers the question. Once the
survey is completed, please save your work and email your response to
ccattan@clemson.edu by March 25th.
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1.1: How do the following site conditions influence the likelihood a wildfire
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
History of wildfire
occurrences
Sloped terrain
Setback of slope
from house
Temporary weather
Typical weather
Proximity to
ignitable structures
Proximity to grass
fields
Proximity to light
brush & small trees
Proximity to dense
brush & large trees
Proximity to timber
harvesting residue
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1.2: How do the following site conditions influence the severity a wildfire
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
History of wildfire
occurrences
Sloped terrain
Setback of slope
from house
Temporary weather
Typical weather
Proximity to
ignitable structures
Proximity to grass
fields
Proximity to light
brush & small trees
Proximity to dense
brush & large trees
Proximity to timber
harvesting residue
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2.1: When embers are the primary threat, how vulnerable are the following house
elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors,
and skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space
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2.2: When convective flames are the primary threat, how vulnerable are the
following house elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space
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2.3: When radiant heat is the primary threat, how vulnerable are the following house
elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space
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3.1: In your opinion, approximately what percentage of the time will a house be
a total loss if wildfire causes…
0

10

20

30

… the roof covering
to ignite
… the roof debris to
ignite
… the soffit and/or
eave materials to
ignite
… flames/embers to
enter the exterior
vents
… the exterior wall
covering to ignite
… flames/embers to
enter windows,
doors, and
skylights
… flames/embers to
burn beneath the
open foundation
… flames/embers to
burn next to the
closed foundation
… the attachments to
ignite
… structures in the
survivable space
to ignite

182

40

50

60

70

80

90

100

DELPHI ROUND ONE FLOOD SURVEY
Friday, June 1, 2012
Purpose
The purpose of this 10-15 minute survey is to collect your expert opinion on (1)
how different site conditions affect the severity of a flood, (2) how different flood
zones (A Zone, Coastal A Zone, and V Zone) affect the vulnerability of each house
element, and (3) how the severity of losses in a home vary depending on the
elevation of the first floor. All responses will be anonymous.
After all participants complete the Round 1 survey, the results will be reported to
you in the form of simple statistics (median response and range). In the subsequent
rounds, you will be given the opportunity to change your response and provide
comments.
Directions
Using a Microsoft Word format, please answer the following questions by placing an
“X” in the box that indicates the weight you feel best answers the question. Once the
survey is completed, please save your work and email your response to
ccattan@clemson.edu by Monday, June 11th.
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1.1: How do the following site conditions influence the severity of a flood
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
9
10
History of flood
occurrences
Base Flood
Elevation (BFE)
Proximity to
floodplain location
Surrounding
topography
Soil characteristics
Temporary weather
Typical weather
Man made flood
protection systems
(e.g. flood wall)
Natural flood
protection systems
(e.g. dunes)
Subject to flash
flooding
Flood velocity
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2.1: When rising water is the primary threat in an A Zone, how vulnerable to
damage are the following house elements assuming the lowest floor of the
house is built at BFE?
Low
High
Building design
elements
0
1
2
3
4
5
6
7
8
9 10
Continuous
foundation (basement)
Continuous
foundation (stem wall
or crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities
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2.2: When rising water and storm surge are the primary threats in a Coastal A Zone,
how vulnerable to damage are the following house elements assuming the
lowest floor of the house is built at BFE?
Low
High
Building design
elements
0
1
2
3
4
5
6
7
8
9
10
Continuous
foundation
(basement)
Continuous
foundation (stem wall
or crawlspace)
Monolithic
foundation (slab on
grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities
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2.3: When storm surge is the primary threat in a V Zone, how vulnerable to damage
are the following house elements assuming the lowest floor of the house is
built at BFE?
Low
High
Building design
elements
0
1
2
3
4
5
6
7
8
9 10
Continuous
foundation
(basement)
Continuous
foundation (stem wall
or crawlspace)
Monolithic
foundation (slab on
grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities
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3.1: In your opinion, approximately what percentage of the time will a house be a
total loss if the lowest floor is built at BFE and the actual flood level is
located…
0 10 20 30 40 50 60 70 80 90 100
… below BFE
… at BFE
… 6 inches above BFE
… 1 foot above BFE
… 2 feet above BFE
… 3 feet above BFE
… 4 feet above BFE
… 5 feet above BFE
… greater than 5 feet
above BFE
… greater than 10 feet
above BFE
Note: A house is considered a total loss when substantial damage has occurred.
According to FEMA, substantial damage includes, “damage of any origin sustained by a
structure whereby the cost of restoring the structure to its before-damaged condition
would equal or exceed 50 percent of the market value of the structure before the damage
occurred.”
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3.2: In your opinion, approximately what percentage of the time will a house be a
total loss if the bottom of the lowest horizontal structural member is built at
BFE and storm surge reached…
0
10 20 30 40 50 60 70 80 90 100
… the basement level
… the 1st floor
… the 2nd floor
… greater than the 2nd
floor
Note: A house is considered a total loss when substantial damage has occurred.
According to FEMA, substantial damage includes, “damage of any origin sustained by a
structure whereby the cost of restoring the structure to its before-damaged condition
would equal or exceed 50 percent of the market value of the structure before the damage
occurred.”

189

Appendix C: Delphi Round Two Surveys
Note: The Delphi survey design and format is modified from Matthew Calhoun’s
research at the University of Colorado (Calhoun, 2010).

DELPHI ROUND TWO WILDFIRE SURVEY
Friday, April 6, 2012
Introduction
Thank you for participating in the first round of our Delphi wildfire research study!
The reason for a multiple round survey is to decrease the variability of the
responses by having expert panelists consider anonymous opinions of others in an
unbiased setting. The goal throughout the Delphi process is to evaluate group
consensus about the correct value. Therefore, you are encouraged to review the
results from the previous round and consider revising your previous responses.
Purpose
The purpose of this 10-15 minute survey is to collect your expert opinion on (1)
how different site conditions affect the probability and severity of a wildfire, (2)
how different wildfire threats (embers, convective flames, and radiant heat) affect
the vulnerability of each house element, and (3) how the severity of losses in a home
vary depending on which house element is affected. All responses will be
anonymous.
Directions
In this round of the Delphi survey, you are provided with several pieces of
information to aid you in making your decision:
(1) The median score from the
previous round
(2) The minimum and maximum
range scores from the previous
round
(3) Your personal score from the
previous
round

X

Please use the provided information to reconsider your previous response and
answer the following questions by placing an “X” in the box that indicates the weight
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you now feel best answers the question (you may choose to keep your response
from the previous round). If your current response is greater than + or ˗- 1 point
away from the median, please provide an explanation in the provided text box. For
instance, the following diagram shows situations where an explanation is required.

0

Low influence
1
2

3

4

X

5

6

High influence
7
8

X

When you finish answering all of the questions please save your work and email
your response to ccattan@clemson.edu by Monday, April 16th.
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1.1: How do the following site conditions influence the likelihood of a wildfire
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
History of wildfire
occurrences
Sloped terrain
Setback of slope
from house
Temporary weather
Typical weather
roximity to ignitable
structures
Proximity to grass
fields
Proximity to light
brush & small trees
Proximity to dense
brush & large trees
Proximity to timber
harvesting residue
Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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1.2: How do the following site conditions influence the severity of a wildfire
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
History of wildfire
occurrences
Sloped terrain
Setback of slope
from house
Temporary weather
Typical weather
Proximity to
ignitable structures
Proximity to grass
fields
Proximity to light
brush & small trees
Proximity to dense
brush & large trees
Proximity to timber
harvesting residue
Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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2.1: When embers are the primary threat, how vulnerable are the following house
elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space
Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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2.2: When convective flames are the primary threat, how vulnerable are the following
house elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space
Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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2.3: When radiant heat is the primary threat, how vulnerable are the following
house elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space
Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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3.1: In your opinion, approximately what percentage of the time will a house be a
total loss if wildfire causes…
0
10 20 30 40 50 60 70 80 90 100
… the roof covering
to ignite
… the roof debris to
ignite
… the soffit and/or
eave materials to
ignite
… flames/embers to
enter the exterior
vents
… the exterior wall
covering to ignite
… flames/embers to
enter windows,
doors, and
skylights
… flames/embers to
burn beneath the
open foundation
… flames/embers to
burn next to the
closed foundation
… the attachments to
ignite
… structures in the
survivable space to
ignite

Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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DELPHI ROUND TWO FLOOD SURVEY
Friday, June 15, 2012
Introduction
Thank you for participating in the first round of our Delphi flood research study!
The reason for a multiple round survey is to decrease the variability of the
responses by having expert panelists consider anonymous opinions of others in an
unbiased setting. The goal throughout the Delphi process is to evaluate group
consensus about the correct value. Therefore, you are encouraged to review the
results from the previous round and consider revising your previous responses.
Purpose
The purpose of this 10-15 minute survey is to collect your expert opinion on (1)
how different site conditions affect the severity of a flood, (2) how different flood
zones (A Zone, Coastal A Zone, and V Zone) affect the vulnerability of each house
element, and (3) how the severity of losses in a home vary depending on the
elevation of the first floor. All responses will be anonymous.
Directions
In this round of the Delphi survey, you are provided with several pieces of
information to aid you in making your decision:
(1) The median score from the
previous round
(2) The minimum and maximum
range scores from the previous
round
(3) Your personal score from the
previous
round

█

Please use the provided information to reconsider your previous response and
answer the following questions by placing an “X” in the box that indicates the weight
you now feel best answers the question (you may choose to keep your response
from the previous round). If your current response is greater than + or ˗- 1 point
away from the median, please provide an explanation in the provided text box. For
instance, the following diagram shows situations where an explanation is required.
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0

Low influence
1
2

3

4

X

5

6

High influence
7
8

X

When you finish answering all of the questions please save your work and email
your response to ccattan@clemson.edu by Monday, June 25th.
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1.1: How do the following site conditions influence the severity of a flood
threatening a home?
Low influence
High influence
Site Conditions
0 1 2 3 4 5 6 7 8
9 10
History of flood
occurrences
Base Flood Elevation
(BFE)
Proximity to floodplain
location
Surrounding
topography
Soil characteristics
Temporary weather
Typical weather
Man made flood
protection systems (e.g.
flood wall)
Natural flood protection
systems (e.g. dunes)
Subject to flash
flooding
Flood velocity

Please provide an explanation for responses greater than +/˗ 1 point away
from the median.
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2.1: When rising water is the primary threat in an A Zone, how vulnerable to
damage are the following house elements assuming the lowest floor of the
house is built at BFE?
Low
High
Building design
elements
0
1 2
3
4
5
6
7 8
9
10
Continuous foundation
(basement)
Continuous foundation
(stem wall or
crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities

Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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2.2: When rising water and storm surge are the primary threats in a Coastal
A Zone, how vulnerable to damage are the following house elements
assuming the lowest floor of the house is built at BFE?
Low
High
Building design
elements
0 1 2 3 4 5 6 7 8 9 10
Continuous foundation
(basement)
Continuous foundation
(stem wall or
crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities

Please provide an explanation for responses greater than +/˗ 1 point away
from the median.
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2.3: When storm surge is the primary threat in a V Zone, how vulnerable to
damage are the following house elements assuming the lowest floor of
the house is built at BFE?
Low
High
Building design
elements
0 1 2 3
4 5
6 7
8
9 10
Continuous foundation
(basement)
Continuous foundation
(stem wall or
crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities

Please provide an explanation for responses greater than +/˗ 1 point away from
the median.
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3.1: In your opinion, approximately what percentage of the time will a house be a
total loss if the lowest floor is built at BFE and the actual flood level is
located…
0 10 20 30 40 50 60 70 80 90 100
… below BFE
… at BFE
… 6 inches above BFE
… 1 foot above BFE
… 2 feet above BFE
… 3 feet above BFE
… 4 feet above BFE
… 5 feet above BFE
… greater than 5 feet
above BFE
… greater than 10 feet
above BFE
Note: A house is considered a total loss when substantial damage has occurred.
According to FEMA, substantial damage includes, “damage of any origin sustained by a
structure whereby the cost of restoring the structure to its before-damaged condition
would equal or exceed 50 percent of the market value of the structure before the damage
occurred.”
Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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3.2: In your opinion, approximately what percentage of the time will a house be a
total loss if the bottom of the lowest horizontal structural member is built at
BFE and storm surge reached…
0
10 20 30 40 50 60 70 80 90 100
… the basement level
… the 1st floor
… the 2nd floor
… greater than the 2nd
floor
Note: A house is considered a total loss when substantial damage has occurred.
According to FEMA, substantial damage includes, “damage of any origin sustained by a
structure whereby the cost of restoring the structure to its before-damaged condition
would equal or exceed 50 percent of the market value of the structure before the damage
occurred.”

Please provide an explanation for responses greater than +/˗ 1 point away from the
median.
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Appendix D: Delphi Round Three Surveys
Note: The Delphi survey design and format is modified from Matthew Calhoun’s
research at the University of Colorado (Calhoun, 2010).

DELPHI ROUND THREE WILDFIRE SURVEY
Sunday, April 29, 2012
Introduction
Thank you for participating in the second round of our Delphi wildfire research
study! We appreciate your time and effort throughout this entire process. This
third round survey concludes the Delphi process for this study. The reason for a
multiple round survey is to decrease the variability of the responses by having
expert panelists consider anonymous opinions of others in an unbiased setting. The
goal throughout the Delphi process is to evaluate group consensus about the correct
value. Therefore, you are encouraged to review the results from the previous round
and consider revising your previous responses.
Purpose
The purpose of the 10-15 minute round three survey is to provide you with a final
opportunity to consider your previous response given the median group response
and explanations for outlying responses for each category.
Directions
The format of the third round survey is similar to that of the second round survey
except explanations for outlying responses are provided as an additional form of
feedback. In this round of the Delphi survey, you are provided with several pieces of
information to aid you in making your decision:
(1) The median score from the
previous round
(2) The minimum and maximum
range scores from the previous
round
(3) Your personal score from the
previous
round
(4) Explanations
responses

for

X

outlying
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Please use the provided information to reconsider your previous response and
answer the following questions by placing an “X” in the box that indicates the weight
you now feel best answers the question (you may choose to keep your response
from the previous round by leaving the field unchanged).
When you finish answering all of the questions please save your work and email
your response to ccattan@clemson.edu by Monday, May 7th.
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1.1: How do the following site conditions influence the likelihood of a wildfire
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
History of wildfire
occurrences
Sloped terrain
Setback of slope
from house
Temporary weather
Typical weather
Proximity to
ignitable structures
Proximity to grass
fields
Proximity to light
brush & small trees
Proximity to dense
brush & large trees
Proximity to timber
harvesting residue
Site
Conditions

Suggested
Action

Increase
score
History of
wildfire
occurrences
Decrease
score

1.1: Explanation(s) for outlying response(s)
 The history of wildfires is a high influence on the
occurrence and severity of future wildfires. Low
occurrence is not necessarily a safe indicator, but a
history of significant wildfires in an area is a red flag.
(Expert #4, +2)
 For history, it would need to be both the location
history and the ignition history – e.g. an area may
have a history of wildfire, but if a majority of the fire
starts are human caused, it would lessen the
likelihood of fire threatening than if it were
environmental factors, thus the reason for 50/50
likelihood. (Expert #11, -2)
 “Historic” conditions do not define current or future
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Sloped
terrain

Decrease
score

Increase
score
Typical
weather
Decrease
score

Proximity to
grass fields

Increase
score

Proximity to
timber
harvesting
residue

Increase
score

situations. In recent years record wildfires and
property losses have regularly occurred in CA, CO,
AZ, UT, TX, to name a few. Increasing wildfire
conditions and increased population are not
quantified by history. How many times have we
seen/heard reports of recent wildfire losses that
indicate ‘surprise’ with explanations like, “We’ve
never seen anything like this before.” (Expert #12, -2)
 Slope alone does not affect fire behavior if it contains
no combustible fuels or if fuels on a slope are
separated and unable to meet the requirements of
continuous combustion. (Expert #12, -2)
 Slope does not have that high an influence on the
probability of a fire (Expert #16, -2)
 Typical weather in this exercise is an open ended
issue based on experience. The typical weather in my
area, all of California, during the fire season can
produce wildfires daily. We refer to fire season
conditions as the average bad day. (Expert #4, +3)
 If the local typical weather is dry and hot, there is
more likelihood of fire activity. (Expert #10, +2)
 Wildfires that occur during “typical weather”
conditions increase the likelihood that the wildfire
will be controlled and decreases the likelihood that it
will threaten a home. (Expert #17, -3)
 Proximity to grass fields or any other standing natural
vegetation is a danger signal, this question does not
indicate distance, continuity, amount of grass or any
other parameters, so I imagined close proximity to the
structure of a heavy rainfall year grass crop. (Expert
#4, +2)
 There are very few homes in proximity to timber
residue in my area, but assuming there were then
timber residue is a high heat generator, should it
ignite, thus threatening a structure. (Expert #4, +2)
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1.2: How do the following site conditions influence the severity of a wildfire
threatening a home?
Low influence
High influence
Site Conditions
0
1
2
3
4
5
6
7
8
History of wildfire
occurrences
Sloped terrain
Setback of slope
from house
Temporary weather
Typical weather
Proximity to
ignitable structures
Proximity to grass
fields
Proximity to light
brush & small trees
Proximity to dense
brush & large trees
Proximity to timber
harvesting residue
Site
Conditions

Suggested
Action
Increase
score

History of
wildfire
occurrences

Sloped
terrain

Decrease
score

Decrease
score

1.2: Explanation(s) for outlying response(s)
 History of wildfire occurrences is a precursor to future
wildfires, high historical indicators are a red flag, but
low historical occurrences are not a safety net. (Expert
#4, +3)
 For history, it would need to be both the location
history and the ignition history – e.g. an area may have
a history of wildfire, but if a majority of the fire starts
are human caused, it would lessen the likelihood of
fire threatening than if it were environmental factors,
thus the reason for 50/50 likelihood. (Expert #11, -2)
 Slope can both increase the severity of a fire and
reduce it, thus the lower score on influence. Would
depend where on the slope and other factors as to the
severity, not solely slope. I also think most folks are
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making the assumption that the slope is all “under” the
house, where a house would be built on a ridge.
Again, a house in the valley has slope influences as
well. (Expert #11, -3)

Increase
score

 Typical weather in this exercise is an open ended issue
based on experience. The typical weather in my area,
all of California, during the fire season can produce
wildfires daily. We refer to fire season conditions as
the average bad day. (Expert #4, +2)

Decrease
score

 Seems that Typical Weather conditions would be close
to neutral in generic cases with no other qualifying
info available. Typical weather, on a daily basis,
would either influence the severity of wildfire to a
home or would not. Without information on how many
days (more or less than ½ a year) annual typical
weather conditions contributed to wildfire spread
seems like this would be a non factor. (Expert #12, -2)
 My thought on typical weather is it can be forecasted
and accounted for. (Expert #13, -1)
 Wildfires that occur during “typical weather”
conditions increase the likelihood that the wildfire will
be controlled and decreases the likelihood that it will
threaten a home. (Expert #17, -4)

Decrease
score

 Proximity to grass fields- from my Texas experience
cured fine fuels are a threat to homes but brick veneer
house should withstand flame lengths /heat produced
by these fine fuel beds (Expert #3, - 2)
 Grass, brush and timber harvest residue have
significantly less influence in the severity of wildfires
on structures due to the lower biomass and in most
cases proximity to hazards (Expert #16, -4)

Decrease
score

 Grass, brush and timber harvest residue have
significantly less influence in the severity of wildfires
on structures due to the lower biomass and in most
cases proximity to hazards (Expert #16, -4)

Increase
score

 Proximity to timber harvesting residue, is a not
parameter question. There are very few homes in
proximity to timber residue in my area, but assuming
there were then timber residue is a high heat generator,
should it ignite, thus threatening a structure. (Expert

Typical
weather

Proximity to
grass fields

Proximity to
light brush
& small
trees
Proximity to
timber
harvesting
residue
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#4, +2)
 Close (within 100-200 feet) proximity of a home to
this type of fuel is significant. This fuel will be
plentiful, of a large scale, and will be dry (sometimes
with years of “curing” on the ground). This kind of
fuel was a major factor in deadly fires at the beginning
of the 20th century, such as the Peshtigo fire. (Expert
#10, +2)

Decrease
score

 To me it is less the proximity to residue but the
amount of residue. Thus the lower influence based
solely on proximity. (Expert #11, -2)
 Grass, brush and timber harvest residue have
significantly less influence in the severity of wildfires
on structures due to the lower biomass and in most
cases proximity to hazards (Expert #16, -4)
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2.1: When embers are the primary threat, how vulnerable are the following house
elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space

Building
elements

Suggested
Action

2.1: Explanation(s) for outlying response(s)

Roof
covering

Decrease
score

 In my mindset viewing the roof covering as non
combustible and if roof is clean of leaf litter, etc then
risk of roof is relative low. If roof is combustible
(wood) then different story. (Expert #3, -3)
 Although roofs are a primary catch basin for
windblown embers, non-combustible roof coverings
readily resist ignition by the relatively small embers
generated by wildland/landscape vegetation. (Expert
#12, -2)

Soffit,
overhang,
and/or eave
material

Increase
score

 There are no definitions of soffit vent material,
location or aspect to the fire; therefore I assumed they
are a threat. (Expert #4, +2)
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Decrease
score

Exterior
wall
covering

Decrease
score

Windows,
doors, and
skylights

Increase
score

Open
foundation

Decrease
score

 The material for this structural element is not a major
factor in regard to ember penetration. Embers are
landing on flat surfaces and blowing into openings.
Vulnerability of these elements with regard to
material is more an issue for surface fire or radiant
heat (such as large shrubs up under the eaves) (Expert
#10, -2)
 Soffit / overhang…”, “exterior wall covering”,
“Attachments …” and “Survivable space” are linked.
“Soffit”, “Wall (if combustible)” and “Deck (if
combustible material, components, items)” will be
vulnerable to embers if vegetative debris, or other
combustible materials are located at the base of a
wall or under the deck. Ignition of debris and/or wall
ignites and/or combustible siding ignites and vertical
flame spread occurs up the wall. (Expert #17, -5)
 Based on that exterior wall is brick or stucco then
outside wall itself is not at high risk balanced against
wood siding which would be high (Expert #3, -2)
 Embers do not have much of a direct impact,
generally, on vertical walls. Walls are more
vulnerable to surface fire or radiant heat. Indirectly,
embers landing on mulch at the foundation or into
shrubs or other flammables that then ignite the wall
could have a stronger impact. (Expert #10, -3)
 Most wooden exterior wall coverings resist ignition
by embers from wildfires, an exception would be
cured cedar shingles on a horizontal plane. (Expert
#12, -4)
 These are very vulnerable to embers (single pane
windows, door frames, unrated plastic skylights, etc.)
(Expert #3, +2)
 No description of material, aspect open or closed,
installation etc therefore assume they are a high
threat. (Expert #4, +2)
 It is more dependant based on an open foundation
PLUS the construction materials, and or
debris/ignitable materials in the open foundation than
simply the foundation itself. (Expert #11, -3)
 Open foundations would be vulnerable to embers
only when a precise amount of fuel, or fuel mixtures,
under the structure was available and in a
combustible state. No fuel, no fire. Light fuel (dry
grasses, etc.) would likely be consumed before
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Closed
foundation

Decrease
score

Attachments

igniting the building. Heavy fuel would resist ignition
by embers. Most dangerous ember exposures would
occur on open foundation situations when fuels under
the structure combined light fuels capable of igniting
heavier fuels that would result in prolonged heating
(flame contact) on combustible elements of the
substructure. (Expert #12, -4)
 In my experience the closed foundation which
includes a slab is not a threat to ignition from embers
unless there is other combustible material gathered
next to the slab/wall that ignites and transfers fire to
the structure. (Expert #4, -2)
 Attachments-fences and wooden decks are number
#1 in Texas regarding firebrand ignition sources
damaging noncombustible brick homes (Expert #3,
+2)

Increase
score
Attachments
(cont..)

Increase
score
Survivable
Space

Decrease
score

 Combustible porches, decks, fences, etc. are easily
ignited by embers, leading to potential direct flame
contact with exterior walls, under eaves and soffits.
(Expert #18, +2)
 In an ember storm, ‘all vegetation that contains
potential ignition sources and fuels (survivable
space)’ is highly likely to ignite and contribute to the
ignition of adjacent fuels including structures.
(Expert #12, +4)
 “Survivable space” is very important, particularly
that near the home. Poor “survivable space” near the
home increases the likelihood that the siding and
(under) deck will receive a direct flame contact
exposure – the most severe exposure. If siding is
combustible, this exposure would increase chance of
ignition. Same situation for deck. (Expert #17, +4)
 If there is survivable space, the embers are no threat
to the space! (Expert #2, -4)
 Guess I am confused why won’t a area that is termed
a survivable space (free of ignition sources) not be
low? (Expert #3, -4)

215

2.2: When convective flames are the primary threat, how vulnerable are the
following house elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space

Building
elements

Suggested
Action
Increase
score

Roof
covering
Decrease
score

2.2: Explanation(s) for outlying response(s)
 By the definition, convective flames are touching the
roof or other building portions, in my experience
there is a high likelihood of ignition and structure loss
when this occurs. The type of roofing material nor
cleanliness is not disclosed. (Expert #4, +2)
 The likely hood for flame contact on structures is
usually to the vertical walls rather than roof surfaces.
Roof assemblies rated to resist ignition could
effectively resist ignition from flames for the limited
time flame contact would occur from adjacent
vegetation burning. (Expert #12, -3)
 It is unclear what kind of convective flames are
threatening the roof and debris on roof but many
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coverings can resist a flame contact exposure from
debris. (Expert #17, -5)

Roof with
debris

Decrease
score

 Same logic as above. The difference here is that
flame contact igniting roof debris could increase the
ignition probability of a structure by increasing the
amount of time of direct flame contact to the roof
assembly as the roof debris was consumed. (Expert
#12, -3)

Vents

Increase
score

 Vents (attic, foundation, eaves) provide easy access
to direct flame into interior spaces of the structure
including in the attic, beneath floors, etc. (Expert #18,
+2)

Exterior
wall
covering

Increase
score

Windows,
doors, and
skylights

Increase
score

Open
foundation

Increase
score

 Direct flame exposure to combustible wall coverings,
windows and vegetation in survivable space
constitute a severe exposure – it is difficult to
understand a relative low rating assuming a direct
flame contact exposure to these components. (Expert
#17, +2)
 These are very vulnerable to embers (single pane
windows, door frames, unrated plastic skylights, etc.)
(Expert #3, +2)
 Direct flame exposure to combustible wall coverings,
windows and vegetation in survivable space
constitute a severe exposure – it is difficult to
understand a relative low rating assuming a direct
flame contact exposure to these components. (Expert
#17, +2)
 Flames in contact with the structure can extend
beneath
the
structure
and
ignite
combustibles/flammables
stored
beneath
the
structure, and the actual structure from beneath.
(Expert #18, +2)

Increase
score

 My answer is sort of an “it depends” estimation. Is
the foundation made of a flammable material? In that
case, it’s an issue if there is convective heat (surface
fire). (Expert #10, +2)

Decrease
score

 If the foundation is standard concrete how much a
heat transfer? (Expert #3, -2)

Closed
foundation
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Increase
score

Survivable
Space
Decrease
score

 Surface fire will ignite, ‘all vegetation that contains
potential ignition sources and fuels (survivable
space)’ and spread through this zone igniting and
contributing to the ignition of adjacent fuels including
structures. (Expert #12, +2)
 Survivable space is not a component of the house
elements. (Expert #2, -6)
 Guess I am confused why won’t an area that is
termed a survivable space (free of ignition sources)
not be low? (Expert #3, -6)
 My answer is bumped up on survivable space but not
sure that I rate it as high as other participants. Seems
to me that the survivable space is done to reduce the
ignition probability thus it should lower the rating. I
wasn’t thinking enclosed foundation for some reason
the first round. (Expert #13, -2)
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2.3: When radiant heat is the primary threat, how vulnerable are the following
house elements?
Low
High
Building element
0
1
2
3
4
5
6
7
8
Roof covering
Roof with debris
Soffit, overhang,
and/or eave material
Vents (attic,
foundation, eaves,
etc.)
Exterior wall
covering
Windows, doors, and
skylights
Open foundation
Closed foundation
Attachments (decks,
fences, etc.)
Survivable space

Building
elements

General
comments

Suggested
Action

2.3: Explanation(s) for outlying response(s)

N/A

 There are no parameters for the amount, duration, or
temperature of the radiant heat or the parameters of
the portions of the structure that are impacted. High
BTUs over time will ignite almost any structural
components. In this example is this a fast moving
light fuel fire or a slow moving heavy vegetation fire,
what is the slope and duration of radiant heat
exposure? (Expert #4)
 Given the information provided, some assumptions
have to be made regarding the level and duration of
the radiant heat exposure. Although a radiant heat
exposure can result in ignition of combustible
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Roof
covering

Decrease
score

components or glass breakage in a window or
skylight, most evidence indicates that it will preheat,
facilitating ignition when exposure to a flame contact
exposure. Without additional information regarding
exposure condition and materials, my rating is based
on my understanding of the relative importance of
exposures – ember / direct flame contact over
radiant. (Expert #17)
 Based on noncombustible roof free of litter (Expert
#3, -2)
 Roof features are generally resistant to ignition by
radiant heating alone, especially short duration
radiant heat from vegetative combustion. Exceptions
could include dormers, acrylic skylights, etc. (Expert
#12, -3)

 I guess the reason for this being high is the

Roof with
debris

Decrease
score

Soffit,
overhang,
and/or eave
material

Decrease
score

Vents

Decrease
score

Exterior
wall
covering

Increase
score

assumption radiant heat PLUS embers would cause
the roof to be more ignitable? That would be true but
I don’t see radiant heat causing more ignitions (I am
making an assumption the radiant heat would be
coming from the ground, not from the sky…) (Expert
#11, -4)
 Roof debris ignited by short term radiant heat from
adjacent vegetation would need to be fine fuel that
when ignited would quickly combust and not
contribute to ignition of a noncombustible roof
covering. (Expert #12, -3)
 J Cohen’s NW Territory experiments show that
soffits are shaded from radiant heat by the portion of
the roof that extends beyond the exterior walls.
(Expert #12, -4)
 Vulnerability of vents to radiant heat is slight
compared to embers and flames. Radiant heat may
distort vinyl vent covers but rarely would threaten
ignition of the structure alone, without follow up
ember entry to these openings. (Expert #12, -2)
 These are both highly vulnerable to radiant heat,
particularly wood walls and single-pane glass.
Radiant heat will cause windows to crack and fall
out, allowing embers and flames into the house.
Vinyl siding will melt and drop off and is
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particularly vulnerable to radiant heat. (Expert #10,
+2)

Decrease
score

Windows,
doors, and
skylights

Increase
score

Open
foundation

Decrease
score

Closed
foundation

Increase
score

Attachments

Decrease
score

 Balance
between
combustible
and
noncombustible sliding (Expert #3, -4)

rated

 These are both highly vulnerable to radiant heat,
particularly wood walls and single-pane glass.
Radiant heat will cause windows to crack and fall
out, allowing embers and flames into the house.
Vinyl siding will melt and drop off and is
particularly vulnerable to radiant heat. (Expert #10,
+2)
 Open foundations would be vulnerable to radiant
heat only when a precise amount of fuel, or fuel
mixtures, under the structure was available and in a
combustible state. No fuel, no fire. Light fuel (dry
grasses, etc.) ignited by radiant heat would likely be
consumed before igniting the building. Heavy fuel
would resist ignition by radiant heating. Most
dangerous radiant heat exposures would occur on
open foundation situations when fuels under the
structure combined light fuels capable of igniting
heavier fuels that would result in prolonged heating
(flame contact) on combustible elements of the
substructure. I rerated this on the low side of neutral.
(Expert #12, -3)
 Again, my answer assumes we are not talking about
a concrete foundation. Any vertical building
elements are going to be particularly vulnerable to
radiant heat coming from vegetation or flammables
near the structure (woodpiles, vehicles). (Expert #10,
+2)
 The primary danger to these attachments is flame
contact or ember ignition of fine fuels on or near
these attachments. Even wood decking has shown
resistance to ignition from vegetative and structural
radiant heat sources. Composite decking sags and
deforms from radiant heat which does not usually
create a potential ignition exposure to a structure.
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(Expert #12, -2)

Survivable
Space

Decrease
score

 Survivable space is not a component of the house
elements. (Expert #2, -5)
 With survival space again it seems that if the work
was done it stands a greater likelihood of
survivability thus the lower rating. (Expert #13, -2)
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3.1: In your opinion, approximately what percentage of the time will a house be a
total loss if wildfire causes…
0
10 20 30 40 50 60 70 80 90 100
… the roof covering to
ignite
… the roof debris to
ignite
… the soffit and/or eave
materials to ignite
… flames/embers to
enter the exterior
vents
… the exterior wall
covering to ignite
… flames/embers to
enter windows,
doors, and skylights
… flames/embers to
burn beneath the
open foundation
… flames/embers to
burn next to the
closed foundation
… the attachments to
ignite
… structures in the
survivable space to
ignite

Scenario

General
comments

Suggested
Action

3.1: Explanation(s) for outlying response(s)

N/A

 The percentages are not derived from parameters, is
there an intervention to the flames, how much water is
available, how long after ignition until water is
applied, what is the weather? Since the building
materials ignited they are combustible and will burn if
not suppressed. (Expert #4)
 Again initial answers were based on the FD being
there to intervene. If not the case then the rating goes
up. (Expert #13)
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… the roof
covering to
ignite

Increase
score

 This is assuming no intervention with regard to fire
response. Once the roof ignites in wildfire conditions
with no intervention, it continues to burn. I’m not sure
how that could ever translate into less than a total loss.
(Expert #10, +2)

Increase
score

 Assuming a nonflammable roof covering, ignition of
debris may not always translate to a loss. But often the
debris is in gutters and other places where the fire can
get under the shingles and burn the underlayment or
structural elements. (Expert #10, +2)

Decrease
score

 It really depends on the extent of debris and roof
construction more than simply debris. (Expert #11, -2)

Increase
score

 Leads directly into unprotected voids of the structure
leads to high loss. (Expert #3, +2)

… the roof
debris to
ignite

… flames /
embers to
enter the
vents

Increase
score
… flames /
embers to
burn next to
the closed
foundation

… the
attachments
to ignite
… structures
in the
survivable
space to
ignite

Decrease
score

 Maintaining raking for closed foundation, but it will
ultimately depend on type and condition of siding,
amount and type of material burning next to
foundation, proximity of burning material to windows
and underside of deck. (Expert #17, +2)
 Embers land to a closed foundation and if foundation
is concrete what is it burns-may be landscaping which
is a different story (Expert #3, -4)
 Depends on the exterior of the structure. If “fire
resistive” exterior construction materials low
percentage. If combustible materials the potential for
loss increases. (Expert #18, -3)

Increase
score

 When conditions are met that allow attachments to
ignite and burn freely I believe it is equivalent to the
possibility of structure loss equal to the free burning
of roofing and soffit areas. (Expert #12, +2)

Decrease
score

 Survivable space?(shouldn’t be a area free of fuels)
(Expert #3, -4)
 May be a definitional thing and/or extent-size of the
space. Would really depend on proximity of the
house to other structures in the space. (Expert #11, -2)
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DELPHI ROUND THREE FLOOD SURVEY
Monday, July 30, 2012
Introduction
Thank you for participating in the second round of our Delphi wildfire research
study! We appreciate your time and effort throughout this entire process. This
third round survey concludes the Delphi process for this study. The reason for a
multiple round survey is to decrease the variability of the responses by having
expert panelists consider anonymous opinions of others in an unbiased setting. The
goal throughout the Delphi process is to evaluate group consensus about the correct
value. Therefore, you are encouraged to review the results from the previous round
and consider revising your previous responses.
Purpose
The purpose of the 10-15 minute round three survey is to provide you with a final
opportunity to consider your previous response given the median group response
and explanations for outlying responses for each category.
Directions
The format of the third round survey is similar to that of the second round survey
except explanations for outlying responses are provided as an additional form of
feedback. In this round of the Delphi survey, you are provided with several pieces of
information to aid you in making your decision:
(1) The median score from the
previous round
(2) The minimum and maximum
range scores from the previous
round
(3) Your personal score from the
previous
round

█

(4) Explanations for outlying responses. Note:
+2 (or any other number) indicates the
expert’s previous score was two above the
median. -2 indicates the opposite.
Please use the provided information to reconsider your previous response and
answer the following questions by placing an “X” in the box that indicates the weight
you now feel best answers the question (you may choose to keep your response
from the previous round by leaving the field unchanged).
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When you finish answering all of the questions please save your work and email
your response to ccattan@clemson.edu by Monday, August 6rd.
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1.1: How do the following site conditions influence the severity of a flood
threatening a home?
Low influence
High influence
Site Conditions
0 1
2
3
4
5
6
7
8
9
10
History of flood
occurrences
Base Flood
Elevation (BFE)
Proximity to
floodplain location
Surrounding
topography
Soil characteristics
Temporary weather
Typical weather
Man made flood
protection systems
(e.g. flood wall)
Natural flood
protection systems
(e.g. dunes)
Subject to flash
flooding
Flood velocity

Site
Conditions

General

Suggested
Action

1.1: Explanation(s) for outlying response(s)

Decrease
score

 For all those responses that are +/- more than 1
pt away from median, I don’t believe any of
them directly affect severity of any particular
storm. History, soil, or typical weather don’t
have anything to do with any particular event in
my opinion. (Expert #12)
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History of
flood
occurrences

Decrease
score

 Frequency does not equate with severity. In this
part of the country there are numerous shallow
floods that often are more nuisance than
damaging. If a foundation is built properly, the
house may not sustain damage even though
surrounded by shallow flood water. If the site is
in a draw of canyon, the history of flooding may
predict severity. Steep areas subject to flash
floods are unsafe and flooding may be severe.
(Expert #3, -2)

Soil
characteristics

Decrease
score

 Coastal flooding is dominated by storm surge
which unlike river/runoff flooding is seldom
affected by soil characteristics. (Expert #2, -4)

Increase
score

 If a flood protection system fails, the home will
be damaged, and maybe severely damaged.
(Expert #10, +2)

Man made
flood
protection
systems (e.g.
flood wall)
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2.1: When rising water is the primary threat in an A Zone, how vulnerable to
damage are the following house elements assuming the lowest floor of the
house is built at BFE?
Low
High
Building design
elements
0
1
2
3
4
5
6
7
8
9 10
Continuous foundation
(basement)
Continuous foundation
(stem wall or
crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities

Design
Elements

General

Suggested
Action

2.1: Explanation(s) for outlying response(s)

Decrease
score

 Assuming relatively short duration flooding most of
the elements are relatively water tolerant, including
unfinished enclosures. Finished enclosures are not
water tolerant. (Expert #2)
 If the lowest floor is elevated to BFE, it would be
elevated above the mapped A Zone, and would have a
lower vulnerability to flood damage. However,
having additional freeboard is better. It would also be
a different story if the water was in a floodway, or
had some velocity to it. (Expert #10, -5)
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 I think as long as the premise of this question is the
first floor is built to the BFE, then many of the
proposed items do not ever get damaged. For
instance, windows won’t get damaged just because
there is rising water. (Expert #12)

Continuous
foundation
(basement)

Monolithic
foundation
(slab on
grade)

Connections

Utilities

Increase
score

 Basements in flood zones invariably are flooded in
BFE or greater events. I include contents damage in
my assessment and thus stick with a 10. (Expert #5,
+2)

Increase
score

 Monolithic slabs are built right at BFE in theory.
Therefore, anything at or near BFE will generally
cause damage to contents of the building (carpet,
furnishings, base trim, drywall due to wicking, mold,
etc.). Therefore, unless contents damage is excluded
from the damage assessment, I stick with an 8 on this
topic. (Expert #5, +2)

Decrease
score

 I’ve rarely seen connection to foundation failures in a
“true” A-zone.
At most, there may be some
accelerated corrosion. Thus, I stick with a 2 on this
topic. For same reason I stick with a 1 on wall-to-wall
connections. (Expert #5, -4, -5)

Decrease
score

 In a true A-zone, scour is much diminished and rarely
are u/g utilities damaged or poles overturned due to
scour. Heat pumps/AC may be damaged just as in Vzone if not elevated, but my rating is not solely based
on this. Given that damage can and does happen, but
at a diminished level in true A-zones, I stick with my
rating of 4 (especially influenced by U/G utilities).
(Expert #5, -3)
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2.2: When rising water and storm surge are the primary threats in a Coastal A Zone,
how vulnerable to damage are the following house elements assuming the
lowest floor of the house is built at BFE?
Low
High
Building design
elements
0
1
2
3
4
5
6
7
8
9
10
Continuous foundation
(basement)
Continuous foundation
(stem wall or
crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities

Design
Elements

General

Suggested
Action

Decrease
score

2.2: Explanation(s) for outlying response(s)
 Recent work following Hurricane Ike suggests that
our wave height mapping methods to define a
Coastal A-zone (or V-zone) may not realistic,
suggesting much smaller waves than present models.
Therefore the solid wall foundations do better than
theory. Where breaking waves under the building
exceed 1.5’ the vulnerability would move to 9.
Most of the other features are at or above BFE so the
vulnerability would be low. (Expert #2)
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Doors and
windows

Decrease
score

 Damage to windows should probably not be part of
these questions – suggests water several feet above
the floor system. (Expert #12, -3)
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2.3: When storm surge is the primary threat in a V Zone, how vulnerable to
damage are the following house elements assuming the lowest floor of the
house is built at BFE?
Low
High
Building design
elements
0
1
2
3
4
5
6
7
8
9
10
Continuous foundation
(basement)
Continuous foundation
(stem wall or
crawlspace)
Monolithic foundation
(slab on grade)
Open foundation (pile
or pier)
Exterior wall systems
First floor enclosures
Doors and windows
Connections
(wall-to-foundation)
Connections
(wall-to-wall)
Utilities

Design
Elements

General
foundations

Suggested
Action

2.3: Explanation(s) for outlying response(s)

Increase
score

 All solid wall foundations are likely to fail when
breaking waves exceed 1.5 feet. (Expert #2)

Decrease
score

 I think as long as the foundation is built to the BFE,
the items where I am more than 1 +/- pt away from
the mean is still correct to me. The 3 foundations at
the top of the list are not allowed in V Zones, but if
they exist as pre-FIRM buildings they will be
seriously damaged. (Expert #12)
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Decrease
score

 Basements are not allowed in a V Zone, and the
lowest floor elevation is based on the bottom of the
lowest horizontal structural member. (Expert #10, 9)

Decrease
score

 Stem walls and crawlspaces are not allowed in a V
Zone. The lowest floor is based on the bottom of
the lowest horizontal structural member. (Expert
#10, -9)

Decrease
score

 Houses in a V Zone cannot be built on a slab-ongrade. However, the slabs that are poured below an
elevated building for parking can cause damage to
the structure during a flood event. (Expert #10, -8)

Increase
score

 For open foundations, need I only mention Katrina.
They are better than other choices, but by no means
fail-safe due to scour effects, debris, and also failure
to adequately elevate above BFE (freeboard) to level
of protection similar in reliability to that use for
wind design (e.g., 100-year flood design vs. 700year wind design). I stick with a 5. (Expert #5, +3)

Decrease
score

 Should be properly elevated and out of harms way.
(Expert #10, -6)

First floor
enclosures

Decrease
score

 Should be properly elevated and out of harms way.
However, there are enclosures below elevated
buildings in a V Zone that can get damaged, but
they’re supposed to have breakaway walls. (Expert
#10, -5)

Doors and
windows

Decrease
score

 Should be properly elevated an out of harms way.
(Expert #10, -5)

Decrease
score

 Connections are very important, but assuming it’s
done correctly, the vulnerability should be lower.
(Expert #10, -4)

Continuous
foundation
(basement)
Continuous
foundation
(stem wall or
crawlspace)
Monolithic
foundation
(slab on
grade)

Open
foundations
(pile or pier)

Exterior
wall
systems

Connections
(wall-tofoundation)
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Connections
(wall-towall)

Decrease
score

 Connections wall-to-wall are not designed to resist
wave impact in V-zone.
The fact that they
experience damage is an issues with the basic BFE
used for design/elevation. This is not a connection
design issue, but a BFE probability issue. So, I do
not fault vulnerability of wall-to-wall connections,
even though damage to these connections is a
consequence of inadequate elevation. Also, if the
building is engineered to NFIP and code the walls
have substantial connections for wind resistance and
can survive modest flooding conditions, even in Vzone (there’s not a 100% vulnerability). I stick
with my 6. (Expert #5, -2)
 Connections are very important, but assuming it’s
done correctly, the vulnerability should be lower.
(Expert #10, -4)

Utilities

Increase
Score

 Utilities of all types (including u/g) are very
vulnerable to scour and damage in V-zones. I stick
with a 9. (Expert #5, +6)

Other
elements

Decrease
score

 The other elements are assumed to be at or above
BFE so less vulnerable or easily repaired. (Expert
#2)
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3.1: In your opinion, approximately what percentage of the time will a house be a
total loss if the lowest floor is built at BFE and the actual flood level is
located…
0
10 20 30 40 50 60 70 80 90 100
… below BFE
… at BFE
… 6 inches above BFE
… 1 foot above BFE
… 2 feet above BFE
… 3 feet above BFE
… 4 feet above BFE
… 5 feet above BFE
… greater than 5 feet
above BFE
… greater than 10 feet
above BFE
Note: A house is considered a total loss when substantial damage has occurred.
According to FEMA, substantial damage includes, “damage of any origin sustained by a
structure whereby the cost of restoring the structure to its before-damaged condition
would equal or exceed 50 percent of the market value of the structure before the damage
occurred.”
Design
Elements

General

Suggested
Action

2.1: Explanation(s) for outlying response(s)

N/A

 Recent work suggests that severe wave-induced
damage is initiated when a few waves reach the
bottom of the floor joist and damage reaches 100% by
the time the wave crest reaches the lowest floor
elevation. In the A-zone I am guessing. (Expert #2)
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3.2: In your opinion, approximately what percentage of the time will a house be a
total loss if the bottom of the lowest horizontal structural member is built at
BFE and storm surge reached…
0
10 20 30 40 50 60 70 80 90 100
… the basement level
… the 1st floor
… the 2nd floor
… greater than the 2nd
floor
Note: A house is considered a total loss when substantial damage has occurred.
According to FEMA, substantial damage includes, “damage of any origin sustained by a
structure whereby the cost of restoring the structure to its before-damaged condition
would equal or exceed 50 percent of the market value of the structure before the damage
occurred.”
Design
Elements

General

… the
basement
level

Suggested
Action

3.2: Explanation(s) for outlying response(s)

N/A

 Recent work suggests that severe wave-induced
damage is initiated when a few waves reach the
bottom of the floor joist and damage reaches 100% by
the time the wave crest reaches the lowest floor
elevation. In the A-zone I am guessing. (Expert #2)

Decrease
score

 Since lowest horizontal structural members are
mentioned in the question, it sounds like we’re talking
about V Zones. Basements are not allowed in V
Zones, so the loss rate would be very low. (Expert
#10, -2)
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Appendix E: Example of Craigslist Advertisement
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Figure E.1 Example Craigslist advertisement to solicit general population wildfire
ire participants
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Figure E.2 Example Craigslist advertisement to solicit general population wildfire participants

REFERENCES
Ahlenius, H. (2008). Human impact in the coastal zones. UNEP/GRID-Arendal.
Arditi, D., & Murat Gunaydin, H. (1999). Perceptions of Process Quality in Building
Projects. Journal of Management in Engineering , 15 (2), 43-53.
ASCE. (2006). Flood Resistant Design and Construction. Reston, VA: American Society
of Civil Engineers.
Babrauskas, V. (1999). Performance-Based Building Codes: What will happen ot the
levels of saftey? Issaquah, WA: Fire Science and Technology Inc.
Bencze, O. C. (2011). The Development of a Certification Program for Natural Disaster
Resilient Homes. Dissertation, North Carolina State University, Forest Biomaterials,
Raleigh, NC.
Best, R. J. (1974). An Experiment in Delphi Estimation in Marketing Decision Making.
Journal of Marketing Research , 11 (1), 448-452.
Bohnhoff, D. (2011). The Tennessean. Retrieved November 21, 2012, from The Religion
of Green: http://local.tennessean.com/The_Religion_of_Green_Murfreesboro_TNr1238547-Murfreesboro_TN.html
Bruneau, M., Chang, S., Eguchi, R., Lee, G., O'Rourke, T., Reinhorn, A., et al. (2003). A
Framework to Quantitatively Assess and Enhance Seismic Resilience of Communities.
Earthquake Spectra , 733-752.
Butcher, B. (2012). Superstorm Sandy: interactive before and after images. (M. Liddy,
Producer) Retrieved November 13, 2012, from ABC News:
http://www.abc.net.au/news/specials/hurricane-sandy-before-after-photos/
Calhoun, M. E. (2010). Quantifying the Effectiveness of Pair-Wise Interactions Among
Safety Program Elements Through a Cross-Impact Analysis. University of Colorado,
Department of Civil, Environmental & Architectural Engineering. Ann Arbor, MI:
ProQuest LLC.
Cano, A. d., & Cruz, M. P. (2002). Integrated Methodology for Project Risk Managment.
Journal of Construction Engineering and Management , 128 (6), 473-485.
Carlson, L., Bassett, G., Buehring, W., Collins, M., Folga, S., Haffenden, B., et al.
(2012). Resilience: Theory and Applications. Argonne National Laboratory, Decision and
Information Sciences Division. Oak Ridge, TN: U.S. Department of Energy.
240

Catastrophe Facts & Statistics. (2012). Retrieved 9 8, 2012, from Rocky Mountain
Insurance Information Association:
http://www.rmiia.org/Catastrophes_and_Statistics/catastrophes.asp
Cohen, J. P. (1990). A Site-Specific Approach for Assessing the Fire Risk to Structures at
the Wildland/Urban Interface. Proceedings of Fire and the Environment, (pp. 252-255).
Cohen, J. P. (1991). A Site-Specific Approach for Assessing the Fire Risk to Structures at
the Wildland/Urban Interface. Fire and the Environment: Ecological and Cultural
Perspectives. Proceedings of an International Symposium. General Technical Report SE69, pp. 252-256. Knoxville, TN: U.S. Department of Agriculture, Forest Service,
Southeastern Forest Experiment Station, Asheville, NC.
Colton, S., & Hatcher, T. (2004). The Web-Based Delphi Research Technique as a
Method for Content Validation in HRD and Adult Education Research. Academy of
Human Resource Development International Conference, (pp. 193-189). Austin, TX.
Craft, M. (2012, November 1). Hurricane Sandy's Economic Damage Could Reach $50
Billion, Eqecat Estimates. Retrieved November 13, 2012, from Huffington Post:
http://www.huffingtonpost.com/2012/11/01/hurricane-sandy-economicdamage_n_2057850.html
Cruz, M. P., Cano, A. d., & Cruz, E. d. (2006). Downside Risks in Construction Projects
Developed by the Civil Service: The Case of Spain. Journal of Construction Engineering
and Management , 132 (8), 844-852.
Dalkey, N. C. (1969). The Delphi Method: An Experimental Study of Group Opinion.
Santa Monica, CA: The Rand Corporation.
Dalkey, N. C., & Helmer, O. (1963). An Experimental Application of the Delphi Method
to the Use of Experts. Management Science , 9, 458-467.
Dehring, C. A. (2006). The Value of Building Codes. Real Estate (Summer), 10-13.
Diamond, R. C. (2001). An Overview of the U.S. Building Stock. Berkeley, CA: Lawrence
Berkeley National Laboratory.
Dolce, C. (2012, October 31). Superstorm Sandy: A Daily Diary. Retrieved November
13, 2012, from The Weather Channel: http://www.weather.com/news/weatherhurricanes/sandy-recap-20121030?pageno=1

241

Edwards, W., & Iskowitz, C. J. (2010). Five Years Later - Are we better prepared?
Retrieved September 8, 2012, from
http://media.iccsafe.org/news/eNews/2010v7n15/ibhs-report.pdf
Energy Star. (2012). Retrieved November 21, 2012, from About Energy Star:
http://www.energystar.gov/index.cfm?c=about.ab_index
FEMA. (2008). Design and Construction Guidance for Community Safe Rooms.
FEMA. (2008). Flood Damage - Resistant Materials Requirements for Buildings Located
in Special Flood Hazard Areas in Accordance with the National Flood Insurance
Program. U.S. Department of Homeland Security.
FEMA. (2005). Home Builder's Guide to Coastal Construction. Washington, D.C.: U.S.
Department of Homeland Security.
FEMA. (2008). Home Builder's Guide to Construction in Wildfire Zones. Washington,
D.C.: U.S. Department of Homeland Security.
FEMA. (2012). Map Service Center. Retrieved November 28, 2012, from Definitions of
FEMA Flood Zone Designations:
https://msc.fema.gov/webapp/wcs/stores/servlet/info?storeId=10001&catalogId=10001&l
angId=-1&content=floodZones&title=FEMA%20Flood%20Zone%20Designations
FEMA. (2006). Recommended Residential Construction for the Gulf Coast: Building on
Strong and Safe Foundations. U.S. Department of Homeland Security.
FLASH. (2006). Blueprint for Safety Contractor's Field Manual. Federal Alliance for
Safe Homes.
Flynn, S. (2007). The Edge of Disaster. New York: Random House.
Fowler, K. M., & Rauch, E. M. (2006). Sustainable Building Rating Systems Summary.
Pacific Northwest National Laboratory. U.S. Department of Energy.
Guha-Sapir, D., Hargitt, D., & Hoyois, P. (2004). Thirty Years of Natural Disasters 19742003: The Numbers. Center for Research on the Epideminiology of Disasters. Louvainla-Neuve, Belgium: Presses Universitaires De Louvain.
Gunhan, S., & Arditi, D. (2005). Factors Affecting International Construction. Journal of
Construction Engineering and Management , 131 (3), 273-282.

242

Hallowell, M. R. (2008). A Formal Model for Construction Safety and Health Risk
Management. Oregon State University, Civil and Construction Engineering. Ann Arbor,
MI: ProQuest LLC.
Hallowell, M. R. (2009). Techniques to Minimize Bias when Using the Delphi Method to
Quantify Construction Safety and Health Risks. Construction Research Congress , 339
(151), 1489-1498.
Hallowell, M. R., & Calhoun, M. E. (2011). Interrelationaships among Highly Effective
Construction Injury Prevention Strategies. Journal of Construction Engineering and
Management , 137 (11), 985-993.
Hallowell, M. R., & Gambatese, J. A. (2010). Qualitative Research: Application of the
Delphi Method to CEM Research. Journal of Construction Engineering and Management
, 136 (1), 99-107.
Hsu, C.-C., & Sandford, B. A. (2007). The Delphi Technique: Making Sense of
Consensus. Practical Assessment, Research & Evaluation , 12 (10).
IBHS. (2008). Fortified... for safer living. Builder's Guide. Institute for Business & Home
Safety.
IBHS. (2012). Insurance Institute for Business & Home Safety. Retrieved December 3,
2012, from Research Center Overview: http://disastersafety.org/research-center/researchcenter-overview/
ICC. (2012). International Residential Code: For One and Two Family Dwellings.
International Code Council.
ICC. (2012). International Wildland-Urban Interface Code. International Code Council.
Insurance Information Institute. (2012). The Insurance Fact Book 2012. New York, NY:
Insurance Information Institute.
Lin, N., Emanuel, K., Oppenheimer, M., & Vanmarcke, E. (2012). Physically based
assessment of hurricane surge threat under climate change. Nature Climate Change , 2,
462-467.
Linstone, H., & Turoff, M. (1975). The Delphi Method: Techniques and Applications.
Reading, MA: Addison Wesley.

243

Lucko, G., & Rojas, E. M. (2010). Research Validation: Challenges and Opportunities in
the Construction Domain. Journal of Construction Engineering and Management , 136
(1), 127-135.
Matthew, R. H. (2008). A Formal Model for Construction Safety and Health Risk
Management. Oregon State University, Civil and Construction Engineering. Ann Arbor,
MI: ProQuest LLC.
Mendez, I. (2009, May 28). Mason-Dixon Poll Reveals Residents of Coastal States
Grossly Unprepared for 2009 Hurricane Season. Retrieved November 25, 2012, from
National Hurricane Survival Initiative: www.HurricaneSafety.org
Michel-Kerjan, E. (2011, September 15). Prepare yourself, natural disasters will only get
worse. Retrieved November 20, 2012, from The Washington Post:
http://www.washingtonpost.com/national/on-innovations/prepare-yourself-naturaldisasters-will-only-get-worse/2011/09/14/gIQAvRVPUK_story.html
Murphy, M. K., Black, N. A., Lamping, D. L., McKee, C. M., Sanderson, C. F., Askham,
J., et al. (1998). Consensus development methods, and their use in clinical guideline
development. Health Technology Assessment , 2 (3).
NFPA. (2009). Safer from the Start: A Guide to Firewise-Friendly Developments.
Quincy, MA: National Fire Protection Association.
NFPA. (2008). Standard for Reducing Structure Ignition Hazards from Wildland Fire.
Quincy, MA: National Fire Protection Association.
NFPA. (2006). Wildland/Urban Interface Fire Hazards: A New Look at Understanding
Hazard Assessment Methodologies. Firewise Communities/USA. Quincy, MA: National
Fire Protection Association.
NJCEP. (2012). New Jersey's Clean Energy Program. Retrieved November 26, 2012,
from About New Jersey's Clean Energy Program:
http://www.njcleanenergy.com/main/home/welcome-new-jerseys-clean-energy-program
PBS. (2006). Newshour Extra. Retrieved November 21, 2012, from Hurricane Katrina 1
Year Later: http://www.pbs.org/newshour/extra/students/blanco_answers.html
Petrillo, A. S., & Prosperi, D. C. (2011). Metaphors from the Resilience Literature:
Guidance for Planner. In M. Schrenk, V. V. Popovich, & P. Zeile (Ed.), Proceedings
REAL CORP 2011, (pp. 601-611). Essen, Germany.

244

Reeder, L. (2010). Guide to Green Building Rating Systems. John Wiley & Sons.
Ripley, A. (2006, August 21). TIME. Retrieved November 21, 2012, from Poll: Not
Ready for Disaster: http://www.time.com/time/nation/article/0,8599,1254641,00.html
Robinson, J. B. (1991). Delphi Methodology for Economic Impact Assessment. Journal
of Transporation Engineering , 117 (3), 335-349.
Sheskin, D. J. (2003). Handbook of Parametric and Nonparametric Statistical
Procedures (3rd ed.). New York: CRC Press.
The Federal Response to Hurricane Katrina: Lessons Learned. (2006). Washington, DC:
U.S. Executive Office of the President.
Tobin, G. A. (1999). Sustainability and community resilience: the holy grail of hazards
planning? Environmental Hazards , 13-25.
Trochim, W. M. (2006, October 20). Research Methods Knowledge Base. Retrieved
December 4, 2012, from Measurement:
http://www.socialresearchmethods.net/kb/measure.php
U.S. Green Building Council. (2012). LEED. Retrieved November 21, 2012, from What
is LEED?: https://new.usgbc.org/leed
UNISDR. (2009). UNISDR The United Nations Office for Disaster Risk Reduction.
Retrieved November 25, 2012, from Terminology:
http://www.unisdr.org/we/inform/terminology
Wildland/Urban Interface Fire Working Team. (2006). Wildland/Urban Interface Fire
Hazards: A New Look at Understanding Hazard Assessment Methodologies. Firewise
Communities. Quincy, MA: National Fire Protection Agency.
Yousuf, M. I. (2007). Using Experts' Opinions Through Delphi Technique. Practical
Assessment, Research & Evaluation , 12 (4).

245

